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MNDO calculations on hydrogen bonding complexes of cyanides and 
isocyanides, and of acetylene and diacetylene: Use of modified 
core-repulsion potential 
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Some H-bonded complexes are studied with the MNDO/H method, proposed onginally by Burstein 
and Issaev(BI). The advantage of using BI potential is that, with the same general form of the core-poten- 
tial function one can calculate the H-bonding energy of all pairs X ... H(X=N, O, F, C) by changing only 
the values of the parameters in different situations. The sets of parameters chosen for carbon are seen to 
perform well for the isocyanides as well as for the unsaturated 1-systems (acetylene and diacetylene), but 
generality in this aspect needs to be established after further application to various types of compounds. 
As carbon exhibits different types of bonding in different environments, it is unlikely that the same set of 
parameters would perform equally well in all situations. A bond order dependent parameter may provide 
a more general solution to this problem. 


It is now well known that the usual MNDO! method where a, and a, are atomic parameters. 
overestimates the core-repulsion energy in the case Burstein and Issaev proposed a new expression (see 
of H-bonded systems. Recently several authors*~* Eq. 3) of f(R,,) for atom pairs (X, H) taking part in 
have modified the MNDO method to take care of the H-bonding of the type X ... H— Y[Y=N, O, F). 
this extra repulsion. Burstein and Issaev* have pro- 2 as 
posed a se designated as BI method, for sys- f(Ryax) = 0 exp (— O2Rxu) -- (3) 
tems in which N, O and F participate in H-bonding. They proposed a,=1.0 and a,=2.0 for all X...H 
The present work is aimed in studying the H-bonds _ pairs (where X=N, O, F). In our present work, we 
between cyanides, isocyanides and the simple pro- have used a,=1.9, instead of 2.0 for the N...H 
ton donors. This is further supplemented with the bond which distinctly produces better results for the 
interesting complexation of acetylene and diacety- cyanide complexes. 
lene with HF. Following the microwave and infrared For the C... H—O/F bonds, as are involved in 
analysis of acetylene-HF*° and diacetylene-HF’ the isocyanide complexes, a, = 1.2 and a,= 1.8 are 
complexes in solid argon matrix, enough experi- used. To our knowledge no attempt has been made 
mental data are available for testing our MNDO to modify the core potential in MNDO theory for 
based model. We propose sets of parameters for dif- studying H-bonds in which carbon atom is involved. 
ferent classes of compounds in our context of modi- For studying the H-bond of the type C .. H—F, as 
fying the Bl-type of potential. This practice of em- is involved in acetylene and diacetylene complexes, 
fitting is in common use in MNDO based a, = 1.2 and a,=2.0 are used. Although attempts 
studies**. are made to fit empirically both the energetic and 
Method | structural aspects of H-bonding, major emphasis is 
In the MNDO method!, the function of the given for the energetics, making considerable allow- 


= 
€: form(1) is used for core-core repulsion energy be- ance for the structural parameters. 


tween atoms A and B: Results and Discussion 
getter +£(Ras)] OD Fi ducttaratdnedlctner 


In Table 1, H-bonding energies and X..H-Y 
distances, calculated presently for the complexes of 
RCN an RNC (R =H, CH,) with HF, H,0, CH,OH 
are presented along with the corresponding ab initio 
results, where available. It is seen that the isocyanide 
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Table 1 H-bonding energies (kcal/mol 
distances (A) 
Proton Proton Energy abinitio Distance 


—H) MNDO/H ae 
acceptor donor (Y—H) MNDO/H _ ab initio 


CH,CN HF 9.42 2.58 
H,O 4.85 2.67 
HOCH, 3.78 5.39 2.91 3.10 
CH,NC HF 9.86 2.65 
H,O 5.50 214 
HOCH, 5.84 5.88 are 
HCN HF 9.47 - 8.90 2.60 2.90 
H,O 4.81 4.90 2.65 
HNC HF 9.71 9.30 2.65 2.99 
H,O 5.33 5.10 2.70 
HOCH, 5.77 2.69 
- Table 2—H-bonding energies and structures of acetylene-HF Table 3— H-bonding energies (kcal/mol) of diace tylene-HF 
1:1 complex 1:1 complex : 
Structure neue i MNDO/H MNDO. abinitio Structure MNDO/H ab initio? 
q es 
o-complex 1.95 3. 
tihng me Le yes 1.70 Trans. state 0.40 se a 
ocomplex Ate d 2.86 4.66 : 2.32 non-symm. a-complex 2.16 T 0.96 7 
, - (deg.) 0 2.5 9 symm. 2-complex 214 : bos pea 
m-complex AE(kcal/mol) 2.47 0.08 2.60 “Ref Me ait et sae 
R,_ (A) 177 4542.34 “he 


to produce a better fit for the hydrogen bo ding en 


*Denotes the C = C bond centre. 
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CHANDRA et al: MNDO CALCULATIONS ON HYDROGEN BONDING COMPLEXE S 


H—-CSC—C=C—H H—C==C—CmC—H 
H (H) (HD 
F F 
(1) (1’) 


and it was inferred that the former was a consequ- 
ence of high barrier to exchange of HF submolecule 
between the triple bonds and the latter was of a re- 
latively low barrier. In any case, the symmetric z- 
complex with HF hydrogen lying below the C—C 
single bond was not considered to represent a stable 
species and was identified with the barrier to ex- 
change. Matrix experiments established that II is 
closer in stability to I than the corresponding acety- 
lene species, but the experiments could not deter- 
mine the stabler one of I and II. 


H 
F--H-CeC—CmC—H 


(II) 


Our MNDO/H investigation on this problem has 
been carried out with the carbon parameters 
a, = 1.2 and a,=2.0. Using the same a, here, as in 
isocyanide complexes, resulted in slight betterment 
of H-bonding distances at the expense of energy and 
was consequently not considered. The results for 
acetylene-HF calculations together with ab initio 
data"! are presented in Table 2. It is found that the 
unmodified MNDO calculations produce unrealis- 
tic values which predict too weak stabilisation. 

The search for stable forms of the complex has 
been carried out through structural optimisation 
along a chosen reaction coordinate which connects 
the symmetric 2-complex at one end and the re- 
verse o@complex at the other end with an intermedi- 


ate transition state where the HF submolecule turns 


around. The potential energy profile for the acety- 
lene-HF system is shown in Fig. 1. It is observed 
that our calculations predict the 2-complex to be 
stabler than the o-complex by 0.95 kcal/mol where- 


as ab initio calculations predict the same by 0.9 


Heat of formation(kcal/mol.) 


S 
125 180 
RC Angle (deg) in C,H, --- HF complex 


Fig, 2—Plot of MNDO heat of formation versus reaction coor- 
dinate angle in the diacetylene-HF complex. 


A similar study with diacetylene-HF is presented 
in Table 3. Here ab initio data!* based on STO-3G 
basis calculations produce results which exhibit re- 
markable stability of the reverse o-complex by an 
energy magnitude which overwhelms the relative 2-, 
o stability in acetylene-HF complex. Moreover, in 
literature’? there might be a minor error in Table 1 
in the possible interchange of H-bond energy values 
in the z-complex columns, making consideration 
for which brings the data of relative stability in line 
with those of H-bonding. However, it has been ad- 
mitted!? that the symmetrical z-structure is stabler 
of the two possible z-structures. 

In our opinion the results of STO—3G calcul- 
ations are not compatible with the experimental | 
findings of Patten and Andrews’. It is known?~‘ that 
MNDO/H reproduces 4-31G quality of calcul- 
ations and we observe that our calculations of the 
diacetylene-HF system reveals features supported © 
by experimental work. From Fig. 2 and Table 4 it is 
apparent that the. potential energy surface bears 
minima at three locations given by the reaction co- 
ordinate angle (*1-C2-F8) values 76°, 102° and 
180°. The first point characterises a symmetric 2- 
complex with HF submolecule vertically below the 
C2-C5 bond centre (structure III). The second 
point corresponds to a non-symmetric 2-complex 
with the HF submolecule below the C2 = C3 bond 
centre and the third point to a reverse o-complex. 
From Table 3 it is also evident that, though the z- 
complex structure I is slightly more favoured, the 
energy difference between the symmetrical and 
non-symmetrical. 7-structures indicates a very low 
barrier to oscillations of the HF unit. The energy of 
reverse ostructure is higher than those of the z- 
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Table 4—Geometrical parameters at the 


minima along RC of 


diacetylene-HF 1:1 complex 


RC angle AE (C2-F8-H9 Ry; 9 Ro2-1H9 a Roos Ro3-s 
(*1-C2-F8 (H-bond.) (deg.) 
(deg.) (kcal/mol) 
76 2.14 14.22 1.76 1.89 2.58 2.82 | 3.32 
102 2.16 352.20 2.15 1.85 1.91 2.82 2.82 
142 0.40 106.60 5.67 5.19 4.48 4.83 3.96 
(Tr. state) 
180 1.95 (H-F..H=183.1 Ry. f=177 : 


ones, but still we find that they are energetically 
more close (energy difference 0.2 kcal/mol) and 
even closer than the corresponding structures in 
acetylene-HF. 


References 
1 Dewar MJ & Thiel W, J Am chem Soc, 99 (1977) 4899. 
2 Burstein Y A & Issaev A N, Theor Chim Acta, 64 (1984) 
3 Voityuk A A & Bliznyuk A A, Theor Chim Acta, 71 (1987) 


‘ 327. , 
4 Pete Rai A A, Theor Chim Acta, 72 (1987) 


5 Legon AC, Aldich ¥ © & Fljgsre W HJ cee para 
(1981) 625. 
6 Aldrich P O, Legon AC & Piygaee WH Pa 


(1981) 2126. , Fe 
7 Patten K O & Andrews L, J phys Chem, 90 (19 
8 Tang TH & FuX Y, ni 
9 Kollman P, J, Johansson A & Rother 

chem Soc, 97 (1975) 955. ; 

10 Amos R D, Gaw J F, Handy N C, $ re 

_ sundram K, Theor Chim Acta, 71 (15 eee 

11 Frisch M, Pople J A & mince 

4063. 
12 MedhiC & 
Sci), 100 (1988) 293. 


Indian Journal of Chemistry 
Vol. 30A, February 1991, pp 109-112 


Vibrational overtone manifold of the CH stretching modes in pyridine and 
nitrobenzene: An analysis of the theoretical and observed spectra in terms 
of structural factors 
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and 
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A local mode model has been used for the calculation of the first overtone CH stretching spectra of 
pyridine and nitrobenzene; the theoretical spectra have been compared with the recorded spectra in the 
overtone regions. The observed spectra for pyridine and nitrobenzene show a striking difference which 


has been interpreted in terms of structural factors. 


The normal mode picture is applicable to small-am- 
plitude vibrations where the potential energy can be 
approximated by a harmonic function. The problem 
of normal mode vibration can be exactly solved in 
terms of normal coordinates of the system. But the 
normal mode picture becomes unsuitable when the 
vibrational states become highly excited because the 
couplings between different normal modes become 
quite large. 

The local mode picture is useful for the discussion 
of highly excited vibrational states. However, the lo- 
cal mode model has been successfully used for the 
description of lower excited states also, in a number 
of polyatomic molecules? ~ >. 


Recently, a local mode analysis for the CH 
stretching overtone spectra of toluene has been re- 
ported®. A study of the vibrational overtone mani- 
fold of the CH stretching modes in the presence of 
electron-attracting nitrogen as a ring atom (pyri- 
dine) and as a group outside the ring (nitrobenzene) 
would be interesting from the point of view of local 
mixing. The t group symmetry has been shown 
to be CG,  guanlaaee Pee and nitrobenzene’. In 
the present paper we report the analysis of the CH 

modes in the overtone regions of pyridine 
on the basis of a local mode mod- 


BE eras oe inecyret the aung 


. ai lllillaaiaaaaliamalaal 


Materials and Methods 

Pyridine and nitrobenzene samples were BDH 
reagents; the liquid samples were used after double 
distillation. The spectra were recorded on a Cary 
17D spectrophotometer using a path length of 1 cm. 
The record was made in the first overtone region 
(1550-1800 nm) by using a spec-pure grade carbon 
tetrachloride solution (1:10) of both pyridine and ni- 
trobenzene. For the second (1050-1200 nm) and 
third (800-900-nm) overtone regions the spectra of 
pure pyridine and nitrobenzene were recorded. The 
spectra observed for the first and second overtone 
regions of the CH stretching modes are reproduced 
in Figs 1 and 2. 


Theory 

To analyze the overtone spectra we employed the 
model Hamiltonian* for a moleclar system of C,, 
point group, having five coupled CH oscillators, us- 
ing nearest-neighbour ring CH bond interactions. 


H=2, Pe v(q)) + verT4) 


4 


H 72 (Eip,Pis1 + MitiNi+1) re et 


The matrix elements of the hamiltonian are given 
by, 
(viv; |H]| v,v;) = w(v, + v;) — x[vi(v, + 1)+v,(v;+1)] 

+ 5/2 (w—- 1/2 x) ete) 


109 


INDIAN J CHE 


ABSORBANCE 
o 
2 


° 
a 


0.4 


0.2 


1600 1650 1700 1750 1800 


A am 


Fig.1—The observed first overtone CH stretching spectra of (a) 
pyridine and (b) nitrobenzene in the range 1550-1800 nm 


Wv,+1v,,,;— 1 /Hlvvj.,)= + K; [(v, + 1)vj44]'7 


’ . (2a) 
(v,- lv,.,+ 1 |H|v,v,,,)=4 K, [vv «, + 1)}'? 

(2b) 

ot vi (2c) 
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° 
o 


ABSORBANCE 
° 
= 


0.2 


1150 1200 
Ay nm 
Fig.2—The observed second overtone CH stretching spectra of 
(a) pyridine and (b) nitrobenzene in the range 1050-1200 nm 


1050 1100 


w, 3 (a;)=@ — 2x+$ (K} + 2K3)!? he 
: 
w, (a,)=w—- 2x | 
4; (b,)=o- 2xttK, -- +) - 
F o) Sq ee 
For the second excited nate, aw symmetrized ket 
vectors for a, and b, symmetry species | 
brational Hamiltonian matrix are given in t 
pendix'. The first overtone frequencies were ¢ 
tained by solving Canes SOA Cama 6xé 
b; matrices given in the Appendix 1. 


a) a ga’ 


Calculation and Discussion 
The calculations of the CH stretching | mode: S$ s for 
both pyridine and nitrobenzene were ae med 
follo tie prvcedate oF aaa t al with 1 


MANDAL eral: VIBRATIONAL OVERTONE MANIFOLD OF CH STRETCHING MODES 


Table 1—CH stretching fundamental and overtone frequencies Table 2—CH stretching fundamental and overtone frequencies 


i of pyridine of nitrobenzene 
| ¥ Obs., em ~! (nm) Cale., em~ !'*) Vv Obs., cm! (nm) Calc. (cm~') 
a, b, a, b, 
i 3094.2" 3092.6 | 3111 3101 
3072.8 3065 3082" 3070 
3030.1 3037.4 3049 3039 
3086.9 3087.2 3093" 3101 
3042.4” 3042.8 3031" 3039 
2 6231 (1605) 6191 2 6202 
: 6154 6154 6170 6171 6171 
> 6151 6146 6170 6170 
ss 6122 6124 6140 6140 
6108 6102 . 6109 6109 
: 6013 (1663) 6084 6080(1645) 6078 
bs 5988 (1670) 6019 6017 6040 6040 
— 5910 (1695) 6011 6001 6040 
5999 6010 6010 
3 ~ 8842 (1131) 8865 3 8928 (1120) 8910) 
4 11628 (860) 11600° 4 11710 (854) 11680) 
(a) @ = 3175, x=55, K, = 44.5, K, = 33 (allincm~') (a) w= 3170, x= 50, K, =62, K, =0 (all incm~') 
(b) Fundamental frequencies are taken from ref. 6 (b) Fundamental frequencies are taken from ref. 7 © 
(c) wv —xv(v+1) (c) wv —xv(v +1) ; 
(d) spectrum not shown : : (d) spectrum not shown 


red around two values 2w—6x and 2m—4x molecule in the liquid state and the result is perhaps 

»rrespond to the overtone |2;)and combina-_ representative of nitrobenzene where the nitro 

:. For nitrobenzene, the value of K, group is twisted out of the plane of the ring" still 
3 possessing C,, symmetry. Pyridine is planar and has 
a C,, symmetry®. The presence of electron- attract-— 
ing ring nitrogen causes flow of charge from all posi- 
Boman the. gecho.catbons (C, and C;) being iffected | 
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APPENDIX ‘ ' ; ; 
Symmetrized ket vectors for v=2,a, symmetry species and the vibrational Hamiltonian matrix 
2w - 6x 0 Kz (0) 0 0 ie) t¢) 
1?) 


|s 2>= 123 
0 i 12%. o NPM 1/2 K2 0 


ie) 
Is 2 >etVV2)014 1h isp] ) 
Is 23>=(¥ V2)E 112 5+ | >) Kp /2K, 2W-4x 0 0 0 KV2 0 K,/V¥2 
0 0 2w- 6x Ky/V2 eee ee ee 
) 


js %>=yV¥21a> ° | 25) 
|s 2,>20/ V2) 1 >* 11, ig») /2Kp 0 K,/V2 2-4 0 K,/V2 () 
[s 2 >V V2ETh w>e Le Igy) ry) 0 rw-ex 0 K/V2 K/V2 
|s 27 >t V2)1 1 22) + | 2) 0 K/V2 0 2w-6x 0 re) 
|s 23> '5> 0 4060COK V2 0 wx 0 
ij. 2 K/V2 0 0 2w-bx 


|S 29 |"2 %> 


Symmetrized ket vectors 


0 
0 
0 
0 
0 

0 a 


for v=2, by symmetry species and the vibrational Hamiltonian matrix 


|S 2)>=0/V2)0 | 13) It, iy | 20-4x 1/2 Ky 0 1/2K, 12K 0 
[s 25520/V2) t | yl wy) | v2 Ki 2W- 4x 0 0 0 k,/V2 
|S 2>=0/V¥2) t | 2,)- |25>) ° 0 rw-bx k/V2 0 0 
Is 2-0/2) 0 1 y-1, Wp) | 2 K ) K/V2  2w-& 0 K IV" 2 
[Ss %>20/VO CL yD Ty Isp) /2 Ky 0 0 0 2w-sx 0 
Is >=0V20 1 12)- [20 0 Kiv2 0 ky /V? 0 2w-kx 


Ser 
’ 
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Molecular complexes of TCNE with acetanilides: Part 1 
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Molecular complexes of TCNE with some acetanilides have been studied using electronic spec- 
troscopy. Each complex exhibits two charge transfer bands which are attributed to the formation of 
two isomeric complexes R, and R, differing in the orientation of the donor and acceptor molecules. 
The ionization potentials of highest occupied and penultimate molecular orbitals of the donors have 
been calculated from the positions of the CT bands. The stabilities of the complexes with R, confi- 
guration are found to be greater than those with R, configuration. The stabilities of both the com- 
plexes increase with increase in electron releasing ability of the substituents. In general, the stabilities 
of the acetanilide-TCNE complexes are found to be greater than those of the TCNE complexes with 
correspondingly substituted benzenes. This is attributed to the stronger dipole-dipole interactions in 
acetanilide-TCNE complexes than the dipole-induced dipole interactions in the benzene-TCNE com- 


plexes. 


Extensive studies have been made on the molecu- 
lar complexes of TCNE with a variety of aromatic 
compounds and_ substituted benzenes as 
donors'~'°. The 1-complexes (I) of TCNE with 
aniline and N-alkylanilines were found to be very 
much unstable and decomposed soon into stable 
o-complexes (II)!!"”. 

The greater stability of the o-complex than that 
of the x-complex was attributed to the zwitterion- 
ic structure of the former, due to the interaction 
of the non-bonded electrons of the N atom with 
benzene ring'''?. : 

If this is the case, the suppression of the forma- 
tion of zwitter ion is expected to stabilise the z- 
complex. For this purpose, acetylated anilines 


oe NON ON 
——————_——_@OQO(“rm 
+ 
RN 
RAN 2 H 
I 0 
. NC. CN 
| Nc~ 4 ~CN 
H 


were chosen in the present study because the 
amide resonance (III) retards the zwitter ion for- 
mation. 


Materials and Methods 

The acetanilides were prepared by acetylation 
of substituted anilines. The solids obtained were 
recrystallised twice from methanol and were TLC- 
pure. Spectrograde chloroform was used as sol- 
vent. A sample of TCNE (Fluka A G) was twice 
recrystallised from chlorobenzene and was vacu- 
um-sublimed. 

The electronic spectra were recorded at 25°C 
on a Specord UV-VIS double beam spectropho- 
tometer using a matched pair of quartz cells of 1 
cm path length. Freshly prepared solutions of 
TCNE (4.33 x 10-4 M) and acetanilides (0.01 to 
0.30 M) were mixed just before recording the 
spectra. Colour changes observed on mixing the 
donor and acceptor indicated complex formation. 
The complexes were stable for several hours un- 
like those of N-alkylanilines. 

The formation constants of the complexes were 
determined by Benesi-Hildebrand method'’. The 
linearity of the Benesi-Hildebrand plots indicated 
the formation of 1:1 complexes which was also 
verified by Job’s continuous variation method. 


Results and Discussion 

The complex of acetanilide and TCNE was 
pale yellow in colour and exhibited two CT bands 
at 390 nm and 420 nm. Complexes with substi- 
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ilide- lexes 
Table 1 — Charge transfer bands and formation constants of acetanilide TCNE comp 
able | — 
IP. K, 
r > max 2 
IP. K, 2 max : = , 1 
Substituent pas a a oe ., eV) (lit, mol~?) fag) (lit. mol~! cm~) (eV) (lit. mol~") 
en | 9.12 24.2 
(H,C),N 650 450 7.62 5.00 394 480 i rp 
opie 600 530 7.82 1.70 392 560 : : ips 
£ 540 1425 8.20 0.91 391 1440 9.1 zie 
420 1720 8.80 0.63 390 1750 9.15 é 
Br 400 2450 9.08 0.52 — _ 
i) 
} 
Ys 
z3 ¥ Y—Configuration X-Configuration 


vi vil 


tuted acetanilides also exhibited two bands (ex- Sea 

cept that of p-bromoacetanilide). The position of symmetrical orbital w,, has a longitudinal 

the first band (390 nm) was almost the same in all plane (V). 

the complexes. The position of the second band _ If Mulliken’s'* maximum overlap principle is 

(420 nm), however, varied with the substituent applied, two isomeric complexes with the follow- 

(Table 1). The ratio of the intensities of the two _ ing orientations are expected (VI, Vil). 

bands remained constant on dilution indicating For mono- and di-substituted benzenes having 

the presence of complexes of only one composi- electron releasing groups, theory predicts that the 

tion. longer wavelength (lower energy) band arises 
The two CT bands of acetanilide may be due from the configuration (VI) and the shorter 

to the excitation of electrons of the donor from wavelength (higher energy) band from R, configu- 

two different orbitals (of small energy difference) ration (VII), of the complex’. 

to a single lowest unoccupied molecular orbital 

(LUMO) of the acceptor! 3° or excitation of elec- Effect of substituents on CT bands 

trons from the same energy level of the donor to The shorter wavelength CT band (390 nm) of 

two different energy levels of the acceptor’’. In acetanilide-TCNE complex is little affected by the 


the former type of charge transfer, for a common change in substituents / te 

acceptor and diff ts (Table 1). This is because it 
tor and different donors, it was shown that arises due to donation oa 

the difference between the h.. of two CT bands | onation of electron from the Was 


ri 


878788 
lilape 
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two CT bands with a small difference in the A.,,,.. 
The 420 nm band of acetanilide complex must 
have suffered a hypsochromic shift due to the 
bromo substituent which, by its inductive influ- 
ence, stabilises (lowers the energy) the donor le- 
vel. This results in merging of the two bands and 
appearance of a broad band. 

The ‘vc, was found to bear a linear relation- 
ship with Hammett 0, constants (Fig. 1). 


lonization potentials 


The ionization potentials of the substituted ace- 


32 


28 


22 


20 


-10 -08@ -06 -04 702 .°) 0-2 


Fig. 1 — Plot of Av; vs Hammett 0, constants 


-18 -16 -'4 -I2 


tanilides were calculated using Briegleb’s equa- 
tion’® and are shown in Table 1. 


hv, = 0.83 12 - 4.42 eV 


The ionization potentials of acetanilides ob- 
tained from the shorter wavelength CT bands 
were found to be nearly constant and ranged be- 
tween 9.12 and 9.15 eV. These are very close to 
the ionization potential of benzene (9.24 eV). The 
ionization potentials obtained from the longer 
wavelength bands differed widely. Acetanilides 
with electron releasing groups have lower ioniza- 
tion potentials (7.62 eV to 8.80 eV). The IP of p- 
bromoacetanilide (9.08) is a little higher than that 
of acetanilide. 


Formation constants of the complexes 

As the two CT bands observed for complexes 
of each of the acetanilides were considered to be 
due to two isomeric configurational complexes, 
the formation constants were determined for both 
the complexes individually and are presented in 
Table 1. 

The formation constants of the complexes with 
R, configuration are greater than those of R, con- 
figuration. This may be due to the steric hindr- 
ance offered by NHCOCH, and the p-substituent 
to the approach of TCNE onto the benzene ning 
in R, configuration. The approach of the acceptor 
is, however, unhindered in the R, configuration 


_ and, hence, this complex is more stable. 


The association constants of the complexes in- 
crease with electron releasing ability of the substi- 


--0 -08 -06 -04 -02 00 +402 
oF 
Fig. 2 —Plot of log K/K, of R, (@) and R, (O) isomeric complexes vs Hammett 0," constants 
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tuents in the benzene ring and are in the order: 
N(CH), > OCH, > CH; > H> Br. } 

The logarithmic functions of the formation con- 
stants of both the isomeric complexes were found 
to bear linear relationship with the Hammett om 
constants (Fig. 2). 

It is interesting to note that the stabilities of the 
complexes of substituted acetanilides with TCNE 
are greater than those of the correspondingly sub- 
stituted benzenes-TCNE complexes. 

The stability of the complex, besides the ioniza- 
tion potentials of the donor, depends on the po- 
larisability'’, dipole moment of the donor!’ and 
the polarising power of the acceptor’’. In a series 
of complexes with the same acceptor, stability de- 
pends upon the polarisability and dipole moment 
of the donor. The attractive forces in benzene- 
TCNE complex are the dipole-induced dipole. In 
acetanilide they are dipole-dipole interaction. The 
non-bonded electrons of the N-atom interact with 
benzene ring and enable acetanilide to acquire 
greater polarity (zwitter ion structure) and form a 
strong complex with TCNE. Hence, the stabilities 
of these complexes are higher than those of ben- 
zene-TCNE complexes. . 


ie 
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fect of the substituent group on benzene ring. 


Aromatic hydrocarbons', substituted arylalde- 
hydes and acetophenones? and benzoic acids? effi- 
ciently quench uranyl ion luminescence and substi- 
tuents on the aromatic ring show a linear relation- 
ship between the relative rates of quenching and 
Hammett substituent constants. Luminescence 
quenching studies have so far been made using flu- 
orescence spectrometer*~°. However, the Stern- 
Volmer type quenching constants have been mea- 
sured using a UV-visible spectrophotometer by 
quenching the photochemical reaction, where the 
quenchers, simply quench the excited species 
through physical deactivation. The title investiga- 
tion is an extension of earlier work from our labora- 
tory’. 


Materials and Methods 
Uranyl acetate, triphenylphosphine, sulphuric ac- 
id, acetone, aniline, biphenyl, chlorobenzene, brom- 
obenzene, acetophenone and benzonitrile (all AR 
) were used as such. Electronic absorption 
spectra of all the solutions irradiated in sunlight for 
10 min, were recorded on a UV-visible Shimadzu 
240 recording spectrophotometer. Other experi- 
mental details are described in the earlier publica- 
tion’. 


Results 
Like simple aromatic hydrocarbons’, these mon- 
" benzene derivatives do not interact 


lutio of these aromatic 
compounds reduces quantum yield of photo- 
~ rease in the absorbance at 650 nm 

fort iron) is used to evaluate Stern-Volmer quench- 
ants K,, from the slope of the linear rela- 


a "4 i 
eerie. 


Quenching of excited uranyl ion during its photochemical reduction by 
triphenylphosphine: Part 1—Effect of monosubstituted benzene derivatives 


M S Sidhu*, (Miss) A Chopra & S S Sandhu 
Department of Chemistry, €&uru Nanak Dev University, Amritsar 143 005, India 
Received 13 March 1990; revised 24 August 1990; accepted 1 October 1990 


The relative rates of quenching of excited uranyl ion by benzonitrile, asetophenone, bromobenzene, 
chlorobenzene, biphenyl and aniline have been measured during photochemical reduction of uranyl ion 
by triphenylphosphine. The quenching of excited uranyl ion increases in proportion to the inductive ef- 


0.006 0.010 0.014 


0.02 0.03 


0.04 


CONCENTRATION (ML) 


Fig. 1—Stern-Volmer pilots for quenching of excited uranyl ion. 
[(A): 1; aniline, 2; biphenyl, (B): 3; chlorobenzene, 4; bromoben- 
zene, and 5; acetophenone] 


fe" = 1 +K,,[Q] (2) 
Pr 

Where ¢,5 and ¢, are quantum yields of photo- 
chemical reduction of uranyl ion with triphenyl- 
phosphine in the absence and presence of the 
quencher (Q) respectively. The values are given in 


Table 1. 


117 


INDIAN J CHEM, SEC. A, FEBRU 


Loo eae = ey 
quenching constants of excited 


Table 1—Stern-Volmer type 


uranyl ion with monosubstituted benzene derivatives 
(UO2*|=[PPh;)=0.01 mol.dm *, (H*]=0.10 moldm 
at 30+2°C 
Derivative K,, (dm?* mol” 1) 
Aniline 80.0 
Bipheny! 50.0 
Chlorobenzene 6.66 
Bromobenzene 4.44 
Acetophenone 3.90 
Benzonitrile 4.10 


A ie ie a Ses eS ee 


Discussion 

The positive charge of uranyl ion localized on the 
uranium atom, is well protected and is not involved 
in the interaction with benzene derivatives in the 
ground state. However, exposure to light delocalizes 
the positive charge on the axial oxygen atoms of the 
uranyl ion, as a result of which excited uranyl ion 
forms donor-acceptor type complex with benzene 
derivatives. This in turn reduces the efficiency of 
photochemical reduction of uranyl ion by triphenyl- 
phosphine (Fig. 1). 

Monosubstitution on the benzene ring of aromat- 
ic quenchers plays a very significant role in the 
quenching of the electronically excited uranyl ions. 
Due to negative inductive effect of substituents on 
the ring, and resonance stabilization of acetophe- 
none, benzonitrile, chlorobenzene and bromoben- 
zene, positive charge is delocalized over the ring, re- 
sulting in decrease in z-electron density. Conse- 
quently there is poor interaction with positively 
charged excited uranyl ion. Like anisole’, the high va- 
lue of K,, with aniline may be due to positive induc- 


ARY 1991 


The delocalization of negative charge over the ring 
helps in faster donor-acceptor complex formation 
with electronically excited uranyl ion leading to en- 
hanced physical deactivation. 

Biphenyl slightly deviates from linear Stern- 
Volmer plot (intercept = 0.93, less than unity). If the 
two phenyl groups were coplanar, the extension of 
the aromatic z-electron cloud would have 
quenched electronically excited uranyl ion very 
strongly. However, non-coplanarity due to free ro- 
tation of the phenyl groups may be responsible for 
its milder quenching action in comparison to that of 
aniline, but much stronger quenching action in com- 
parison to that of other quenchers. Physical deacti- 
vation of excited uranyl ion due to aromatic 2- 
electron cloud competes with its photochemical re- 
duction with triphenylphosphine. | 
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The electrochemical reduction behaviour of some substituted acetophenone oximes and semi- 


carbazones has been studied by employing advanced electrochemical techniques in different support- 
ing electrolytes. Based on the kinetic parameters evaluated, electrode mechanism is proposed. 


Though the reduction mechanism of substituted 
oximes'~* and semicarbazones*~° has been inves- 
tigated polarographically by several workers re- 
duction of substituted acetophenone oximes and 
semicarbazones such as o-methoxyacetophenone 
oxime (OMAQ), 3,4-dimethoxyacetophenone ox- 
| ime (DMAO), o-methoxyacetophenone semicarba- 
. zone (OMAS) and 3,4-dimethoxyacetophenone 
| semicarbazone (DMAS) has not been taken up 

for study. Hence, we undertook the title investiga- 
tion using electrochemical techniques such as DC 
polarography, cyclic voltammetry, AC polarogra- 
phy, differential pulse polarography, rotating ring 
disk voltammetry, millicoulometry and controlled 
potential electrolysis 


ny — 


Materials and Methods 
The compounds used were prepared by the 
method described by Vogel and their purity 
checked by thin layer chromatography and melt- 
ing point determination. The chemicals used were 
of AR grade. Polarographic assays were per- 
formed using a polarographic analyser model 364 
supplied by PARC, USA coupled with BD 8 
Kipp & Zonen x-t recorder. A dropping mercury 
electrode (flow rate, 2.73 mgs~') was used as the 
a electrode and a saturated calomel elec- 
a as reference. AC and differential 
pulse ; were recorded with Metrohm 
‘with E 506 polarecord and E 612 


A AA SET 


a es 


See 
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eed 
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“electrode of area 0.04438 cm? and 
ereury ctr of tea 00223 em 


electrode. A glassy carbon ring disk electrode was 
used as the working electrode. 

The pH measurements were carried out with an 
Elico digital pH meter. All experiments were car- 
ried out at 28 + 1°C. 

An appropriate amount of oxime or semicarba- 
zone was dissolved in required quantity of metha- 
nol or DMF and the solution diluted with the 
supporting electrolyte to 10 ml. The solution was 
deoxygenated by passage of nitrogen gas for five 
minutes and then the polarogram was recorded. 
Universal buffers of pH ranging from 2.0 to 12.0 
including 1M HClO, were used as supporting 
electrolytes. 


Results and Discussion 

From the experimental results obtained, it is 
found that the aromatic acetophenones presently 
investigated undergo reduction in acidic media 
(pH <6.0). The azomethine group (>C=N-) 
present in all these compounds is reduced to the 
corresponding amino group (>CH-—NH,;) in a 
four electron process as found by millicoulometric 
technique. No reduction is noticed in neutral and 
alkaline media (pH 26.5). This kind of reduction 
behaviour was also observed in parent com- 
pounds such as acetophenone oxime'’ and ace- 
tophenone semicarbazone"'. 


Representative data for‘n’ values. 
Millicoulometry!? was carried out in 1M HCIO, 


Cell A Cell B 
Diffusion current , 
before electrolysis i, (uA)=7.5 1.05 
Diffusion current 
after electrolysis i,(uA)=3.85 2.70 
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Cell A Cell B 


Drop time before 
electrolysis t, (sec) = 2.0 2.00 


Drop time after 
electrolysis t, (sec) =3.2 3.20 


In acidic media, the single wave/peak obtained 
is ascribed to the reduction of the protonated 
azomethine group. When compared to the pro- 
tonated form, the reduction of the neutral form is 
found to be difficult. Besides this, the electron do- 
nating (+ /) methyl group which is directly linked 
to the azomethine group hinders the reduction in 
neutral and alkaline media. This may also be due 
to the formation of electroinactive anion (RNO > ). 
By comparing the half-wave potentials of these 
_ substituted acetophenone oximes and semicarba- 
zones, the ease of reduction is seen to follow the 
order: o-methoxyacetophenone oxime > 3,4-dime- 
thoxyacetophenone oxime > o-methoxyacetophe- 
none —_—semicarbazone < 3,4-dimethoxyacetophe- 
none semicarbazone. 

Final product formed in the controlled poten- 
tial electrolysis was identified as the correspond- 
ing amine by IR (vNH:3300 cm~!, 6 NH;:1600 
cm~'). 

In all the compounds studied the electrochemi- 
cal reduction processes are found to be irreversi- 
ble as evidenced from the disobedience of Tomes’ 
criterion, log-plot analysis, shift in reduction pot- 
entials towards more negative values with increase 
in pH of the supporting electrolyte anti also from 
the absence of anodic peak in the reverse scan. 
Typical cyclic voltammogram of 3,4 DMAO is 
shown in Fig. 1. The nature of the waves was 
found to be diffusion controlled in all the buffer 
systems studied as shown by the linear plots of i, 


CURRENT / wa 


-1-4 = ie -10 -0-8 -0.6 -04 -0-2 
POTENTIAL /V | 
Fig. 2—Typical A.C. polarogram of 3,4-dimethoxyacetophe- 
none semicarbazone in 1M HC!QO,, concentration: 0.5 mM, 
solvent: 20% DMF, drop time: 3.0 sec, a= A.C. peak, b=base 
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Table 5 — Typical rotating ring disk voltammetric data of some substituted acetophenone oximes and semicarbazones 


|Concentration:0.5 mM, Sweep rate: 50 mVs~ '| 


Supporting Dx 10°/cm? s~! k?,/em s~! Collection efficiency 
electrolyte 
| = 
OMAO 3,4 OMAS_ 3,4 OMAO 3,4 OMAS 3,4 OMAOQ 3,4 OMAS 3,4 
DMAO DMAS DMAO DMAS DMAO DMAS 
Universal 
. buffer of 
PH 2.0 5.94 6.16 6.31 6.71 1.5410 16910 1.94x10 2.1210 0.177 0.176 0.178 0.178 
. DpH 4.0 4.28 4.21 5.74 5.97 6.2110 5.24x10 5.8610 64210 0.175 0.174 0.175 0.172 
i 
| E,,. and E, values obtained for all the com- or , eo snk ae 
pounds are found to be pH dependent and shift 1, = I 1+ — 
R-C-R Re ‘sR He. a Gir 


cathodically indicating the involvement of proton 
in the electrode process. The consequent increase 
in the pH value increases the dissociation con- 
stant of the protonated species and these factors 
. affect the protonation rate and consequently the 
| E,,./E, values of the reduction wave/peak. get 
shifted to more negative values. 
An increase in the [solvent] in the polarographic 
test solution shifts the half-wave potentials tow- 
| ards more negative potentials with the decrease in 
| diffusion current. The reason for this may be 
| partly an increase in the viscosity of the medium 
. and adsorption of the solvent molecules on the 
t surface of electrode’?. 

From the experimental results, it is found that 
the maximum suppressor, triton X-100 (0.002%) 
was used to suppress the maxima observed in all 
the compounds in DC polarography. 

The variation of diffusion current and peak cur- 
rent with the pH of the supporting electrolyte in- 
fluences the diffusion coefficient values also which 
= vary in the same manner. The reason for slight 
, decrease in diffusion coefficient values with in- 
crease in pH may be the decrease in the availabil- 
ity of protons. The diffusion coefficient values ob- 
-_ for all the compounds are found to be of 
the order of 10~° cm? s~'. The D values evaluat- 
ed from all the techniques are observed to be in 

good a nt for all the compounds. This is 
_ evidenced from the adsorption free nature of the 
electrode reaction. But, the diffusion coefficient 
alues obtained from rotating ring disk voltamme- 
found to be higher than those observed 

r techniques. In the latter techniques, 
utions were used and convection was 
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Fy vis ee 


ed 
- Toe a ee ee 


For aromatic acetophenone oximes 
N- NH CO NH2 Ht N—- NH CONH) 
Res —— II H* 
Ri=C—R R-C-R 


R- CH-R’ +NH2CO NH2 


For aromatic acetophenone semicarbazones 


H3CO 


Scheme-1 


where, OCH; 


important role. As much more material can be 
brought to the electrode by convection than pure 
diffusion, the current becomes larger than that in 
pure diffusion. This may be the reason for the 
higher diffusion coefficient'*!* values obtained in 
this technique. 

The rate constant values obtained for the re- 
duction of all the compounds decrease with in- 
crease in pH of the supporting electrolyte show- 
ing that the electrode reaction tends to become — 
more and more irreversible. The heterogeneous 
forward rate constant values are observed to be 
high in acidic medium indicating that the rate of 
reaction is fast in this medium as the protonated 
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form is getting reduced. On comparing the rate 
constant values obtained for oMAO and 3,4 
DMAS, oxime group (> C=N-—OH) is seen to 
be reduced more easily than semicarbazone group 
(>C=N-—-NHCONH,). The values obtained for 
transfer coefficient (a), diffusion coefficient (D) 
and heterogeneous forward rate constant (k?,) for 
all the compounds are given in Tables 1 to 5. 

On the basis of the above results of the present 
investigation as well as on the basis of the litera- 
ture data, the reduction mechanism shown in 
Scheme 1 may be proposed for different com- 
pounds. 
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Kinetics and mechanism of formation of binuclear complexes of iron(II) 
with malonatopentaaminecobalt(III) and trans-bis(Hmalonato)bis- 
| (ethylenediamine )cobalt(III) ions in aqueous solution 


Nigamananda Das & Rabindra K Nanda* 
Department of Chemistry, Utkal University, Bhubaneswar 751 004 


f Received 20 July 1990; accepted 1 October 1990 


The kinetics of formation of binuclear complexes between iron(II) and malonatopentaamineco- 
balt(III) and srans-bis(Hmalonato)bis(ethylenediamine cobalt(III) have been studied using stopped-flow 
technique in the concentration ranges [H*]=0.050-0.30, [Fe(III)]=0.005-0.03, and J=0.5 mol dm~? 


available data on the formation of binuclear species involving mainly the reactions of Fe** and FeOH?* 


| and over the temperature range 15.0 to 30.0°C. A general mechanism is proposed which accounts for the 


with the undissociated form of the cobalt(III) substrates. The rate data for the various paths for trans- 
bis(Hmalonato)bis(ethylenediamine)cobalt(II) are slightly higher than those for the corresponding pen- 
taamine analogues. The activation parameters for the various paths are also reported. 


The kinetic studies on metal ion catalysed aquation 
at the cobalt(III) centre of binuclear precursor com- 
. plexes formed between iron(II) and several carb- 
oxylatoaminecobalt(III) complexes'® have revealed 
that a rapid and reversible equilibrium is established 
between the added aquo metal ion and the 
cobalt(III) complexes. However, kinetics of rapid 
formation of binuclear species of Fe(II) and Al( II) 
, with unused donor function of bound dicarboxylate 
aa ligands in different cobalt(III) substrates have been 
___—svery sparingly studied’*!*, Dash and Harris'*"! 
have reported the kinetics of reversible complexa- 
tion of iron(II) with oxalatopentaaminecobalt(II) 
and some salicylatopentaaminecobalt(III) sub- 
strates. Our objectives in undertaking the title study 
are to study the effect of the basicity of bound car- 
boxylate ligand, size of chelate ring in the binuclear 

and the overall charge of the cobalt(III) 

on the kinetics of its complexation with 


Aaterials and Methods 

- Malonatopentaaminecobalt (III) and ¢rans-bis- 
= ) )bis(ethylenediamine )cobalt (III) per- 
€ and characterised as de- 
bed . Stock solution of iron(II) per- 
orate was prepared and the iron(II) and free 
| contents of the stock solution were estimated as 
bed previously*. All other chemicals used 
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was followed at 350 nm (absorbance increases with 
time) using a HITECH SF 51 stopped-flow spectro- 
photometer with Apple IIGS computer interface. 
The rate measurements were made under pseudo- 
first order conditions at 15-30°C [for 
Co(en),(malH)}] and at 25°C [for Co(NH,); 
(malH)**] (where malH = O,CCH,COOH “') em- ~ 
ploying [Fe(III)};= 5.0 x 10° to 30.0 x 10~* mol 
dm? and [H*]=0.05-0.30 mol dm~?. Ionic 
strength was adjusted to 0.5 mol dm~? with 
NaClO,. Other kinetic details were similar to those 
described earlier'®. The pseudo-first order rate con- 
stants were obtained by fitting the exponential trace 
displayed on the monitor to a first order equation 
using appropriate computer program supplied by 
M/S Hitech Scientific Ltd (UK). The observed rate 
constants reported are average of at least five kinetic 
runs and the errors quoted are standard deviations. 
All other calculations were made using appropriate 
least squares programs adopted to Apple IIGS PC. 


Results and Discussion 
Rate data for the formation of the binuclear spe- 
cies are collected in Tables 1 and 2. It is evident that 
the pseudo-first order constants increase linearly 
with (Fe? *], at a fixed acidity resulting in a constant 
finite intercept for k,, versus [Fe**}; plots at 
(H* }, = 0.05-0.30 mol dm“? (see Fig. 1). It is, there- 
fore, reasonable to assume that the acid dependence 
of the reaction results only from the Fe(OH,)°*/ 
Fe(OH,),OH?* equilibrium. The slopes of such 
plots, however, very inversely with [H*]};. The ob- 
ved first order dependence of k,,,, with [Fe**]; is 
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Table 1— Rate data for com 


10°(Fe** 


[HC1O,}; 
(mol dm~*) 


(mol dm“ *) 


4.793 
467 
10.54 
4.793 
7.67 
10.54 
15.33 
4.793 
7.67 
10.54 
14.85 
20.13 
4.793 
7.67 
10.54 
ag 
20.13 


0.05 


15.0 +0.1°C 
2.89 + 0.09 
3.30 0.11 

3.67 + 0.10 
2.88 + 0.08 
3.17 + 0.06 

3.50 + 0.08 
3.98 + 0.10 
2.74 + 0.05 
2.98 + 0.09 
3.22 + 0.08 
3.55 + 0.10 


3922011. 


2.76 £0.11 


2.87+0.12 | 


3.14 + 0.06 


3.30 £0.06 | 


EBRUARY 1991 


Koos (s~ ') 


20.0 +0.1°C 
5.28 + 0.28 
6.50 £0.19 


7.26 £O18* 


4.79 + 0.27 
5.38 + 0.16 
6.14 +0.14 
7.05 + 0.13 
4.54 + 0.28 
5.27 +0.19 
571 20:17 
6.53 + 0.14 
7.16 + 0.20 
4.15 +0.23 


4.53 £0.31 


4.87 +0.19 
5.36 £0.15 


6.02 + 0.20 


4.49 + 0.26 


250 £1°C 
9.87 + 0.28 
11.92 + 0.30 
13.30 + 0.33 
8.33 + 0.14 
9.54+0.19 
10.62 + 0.37 
12.80 + 0.22 
8.16 + 0.24 
9.37 + 0.36 
10.11 + 0.44 
11.65 + 0.20 
13.36 + 0.20 


7.26 £0.21, 


plexation of trans-|C o(en),(malH),}* with Fe(III) at /= 0.5 mol dm~* 


30.0 + 0.1°C 


16.35 + 0.25 
20.09 + 0.29 
23.06 + 0.41 
14.88 + 0.26 
17.01 + 0.38 
19.63 + 0.28 


23.31 40.09 © 


13.43 £0.25 
15.42 £0.16, 


17.41 40.36 | 


19.85 $0.53 


7.79 +0.23 a 4. 


8.60 + 0.19 


9.64 £0.24 178 
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10.0 20.0 30.0 
0° [Fe?*] mol dm 


eee 103 [Fe**}, plot at 25°C (1, 2, 3, 4 and 5 for 
3, 0.2, 0.1, 0.075 and 0.05 mol ies Sees eae 


0 4 8 12 16 20 

1/[H*] , dm> mol! aa 
Fig 2—10-? k, versus 1/[H*] plot (1, 2, 3 and 4 for trans- 
Seeiee) na ae 5 for [(NH,),Co(malH)? ) 
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ion of rrans-(Co(en),(malH)malFe}? * species 


Table 3—Rate parameters for the formato 
10-°k k 
HCIO 2 i 4 
Pee, (dm? mol! s~') (dm? mol”! s~') (dm? mol”! s~') ($3 
15.0 £0.1°C 
0.05 136.0 + 3.5 21.44+4.2 5.00 + 0.35 2.24 + 0.03 
0.075 105.5 +2.3 - oom 2.37 +0.02 
0.10 78.3418 = = 2.37 + 0.02 
0.20 50.7+1.5 - = 2.36 + 0.02 
20.0 + 0.1°C : 
0.05 330.0 + 50.0 43.5 + 12.7 8.97 + 1.38 3.84+0.44 
0.075 215.0 + 12.0 | ~ - 3.79 +0.14 
0.10 167.0 + 13.0 ~ = 3.95 +0.18 
0.20 119.0 + 4.0 - = 3.60 + 0.06 i 
0.30 75.0 + 6.0 - - 3.78 + 0.15 i. 
fea 
25.0 +0.1°C 
_ yp 0.05 603.0 + 67.0 86.3 + 17.2 13.22 + 1.02 7070520 > ip 
, j 0.075 421.1 + 10.5 = _ ona ton | Bap OD , 3 
| 0.10 . 334.0 + 8.0 | = 2, ieee 012 a =i ler 
« 0.20 222.2 + 7.0 — 5 a a 6.19 +0.09 B r Ss Ce 
mis 030 136.0 + 15.0 so 3 7 08 4034 , 
es a 


ie) ed ' 30.0+0.1°C_ ss si ; gia 
M f 38 Re: Y pre} ee 


80.0 109.0 + 15.0 21.77 £0.72, 10714 
ee ee Oe Padme Sates: 


Table 4—Rates and activation parameters for binuclear complexation reactions (NH,).Co( malH )** and 


. DAS et al: KINETICS OF FORMATION OF BINUCLEAR COMPLEXES OF IRON(III) 
trans-|Co(en),(malH),|* with Fe?* , /= 0.5 mol dm? 
H 


} 

| 

|’ AH* AS* 
| 


(kJ mol” ') (JK~! mol~') 
k,,s-'dm} mol”! 86.2 + 17.2 75.8 + 10.4 44.4 + 39.94 
(71.1 + 13.9) 
small* 
P 10-4 k,,s~' dm? mol~! 1.32 +0.21 68.5+ 1.53 31.22 5.1 
} (1.26 + 0.10) 
3 0.46* 
. . jt lide 6.64 + 0.42 ten 173 12.84 5.9 
i: (5.11 + 0.20) 
= 0.5* 


*At 25.0 t 1°C, Values in parentheses are for (NH; )Co(malH)?* and all others are for trans-(Co(en),(malH), |* 
“Analogous data for the oxalatopentaammine ion at 25°C, /= 1.0 mol dm~? 


_ for Fe(OH,)3* and Fe(OH,),OH2* respectively!®!5, 0 0 (n+2)+ 
__ The values of outersphere association constant, x. E = OSE = cH; —c oe| 

cece: substrates under consideration cannot be 

than unity considering the electrostatic ef- [where co"* = (NH5),Co2* or (en), Col aC CH,C03H)* | - 

n this context, it is worth noting that the va- 
* and k,* for both the substrates 
= 804 20s~' and k,* =(1.3+0.50) x 104 s~')* The activation enthalpies and entropies (see 
‘C are lower then the values of water exchange Table 4) for the formation and dissociation of the 
te constant of iron(II) species (k,,2°°=1.6 x10? binuclear species are almost alike and fall in the 
and 1.4x105 s~! for Fe(OH, )3* and range expected for similar other substitution reac- 
OH?2* _Tespectively'*). Hence water disso- _ tions of Fe(III) using conventional ligands. 
1 Fe(III) centre is more likely to be rate- Acknowledgement - 
A 1 WOHP" of binuclear complex We are thankful to Prof A C Dash for ence aa 
SERA )GUTE banter ol compared to fy) discussions. ND thanks the CSIR, New Delhi ie 

: echanism of oo the award of a senior research fellowship. 
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Chain initiation in persulphate initiated 
methacrylonitrile under inert atmosphere 
persulphate decomposition 


Sukumar Guchhait, Monoranjan Banerjee & Ranajit Singha Konar* 
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It has been found that the initial rate of persulphate decomposition in the persulphate concentration 
range of 0.40 x 10~? to 3.00 x 10~* moldm* and the monomer, methacrylonitrile (MAN), concentra- 


tion range of 0.16 to 0.40 moldm~* may be given by the following expression, 


= d(S,O;_) e [MAN]!28#° x 5 wo a +0.05 
dt 


A reaction scheme has been suggested to explain the kinetic data. 


In the persulphate initiated aqueous and emulsion 
polymerization of vinyl monomers, the chain initia- 
tion is suggested to occur by a mechanism shown in 
Scheme 1 (see refs. 1-5). 


(A) $,03- + 280; 
(B) SO; +H,O + HSO; +OH 
(C) 20H > H,O, (or H,O+ 4O,) 
(D) SO; +M > M, (=0,-S-O-M) 
(E) M+M~>M,,, 
(F) 2M; —~ Polymer 
- Scheme 1 


Such a mechanism predicts that the rate of 
F per- 
sulphate decomposition would be independent of 


oma and also on the nature of the monomer. 
, this contention is not found valid. Dunn® 


has suggested that induced decompositi ; 
sulphate may occur by steps (G) and(H). 
(G) SO; +M(=RH) + HSO; +R 

(H) R+S,0;° + R-O-SO; +80; 


jk 


aqueous polymerization of 
here and mechanism of 


Being very small in size, R radicals would diffuse in- 
to the aqueous phase to cause further induced de- 
composition. If all the R radicals thus are oxidised 
by persulphate ions in the aqueous phase, then there 
would be no polymerization at higher [persulphate]. 
Sarkar er al.'° studied the aqueous polymerization of 
vinyl acetate and found that at higher [persulphate] 
(> 10~* moldm~*) the polymerization does occur 
but the polymers so obtained are partly insoluble in 
common solvents namely benzene, acetone, * 


This of course indicates that at higher 
the polymerization reaction mechanism is vei 
complex and probably cross-linked polymer woulc 
form. Since very little work!2 has been done o n the 
aqvcous and emulsion polymerization of mehacly 
lonitrile (MAN), initiated by potassium persulphate, _ 
we report herein the je of chain initiation of 
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detected, the monomer was refluxed under nitrogen 
_ atmosphere and distilled before use. The reaction 
was carried out in a hermetically sealed pyrex flask 
fitted with a Hg-seal stirrer and connectors for pass- 
ing nitrogen and for extracting solutions’*. It was 
noted that the aqueous solution of MAN did not al- 
ter the pH of the distilled water (6.9-7.0 at 25°C), 
During the reaction at 50°C samples were collected 
at different times and quenched immediately in ice. 
The pH of the solution was measured at room tem- 
perature (25 + 3°C). Persulphate was estimated by 
the method of Kolthoff and Carr'!. Percentage con- 
version of monomer to polymer was estimated grav- 
imetrically. Polymer molecular weight (M,) was 
measured viscometrically in DMF solvent at 30°C 

i Mark-Houwnik’s_ equation'’, [7|=0.36 
(M, where [7] is in ml/gm and y,,/C=[y] 
+K,|)?C, the Huggin’s constant K,, was found to be 
0.366, C is the concentration of polymer in DMF in 
5/100 ml. | 
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ilts of persulphate decomposition in the 
of MAN are shown in Figs 1 to 4 and 
is found that the rates of persulphate de- 
on increase with increase in [monomer]. 


tes of persulphate decomposition were esti- 


a at various [monomer] and at a given [per- 
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(Fig. 1) to get the initial rate at zero time. It is also 
found that in the absence of monomer, the rate of 
persulphate decomposition is independent of time 
(Fig. 1, curve, E) in the early stages of the reaction, 
whereas in the presence of monomer the rates of de- 
composition were decreased with time and with the 
conversion of monomer to polymer (Fig. 1). Initial 
rates of persulphate decomposition were also deter- 
mined by the tangent method of Hinshelwood and 


slope = 1.387005 


133 bears U2 | v4 vs 6 


Los{[M] x 10° } 


Fig. 2—Order plot for the monomer with respect to the per- 
sulphate decomposition log (initial rate of persulphate decom- 2: ia 
position, in moldm~*s~') versus log (initial monomer concen- 
tration, in mol dm~3) has been plotted. The slope of the line 
1.38 + 0.05, gives the order of the monomer. 
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Undecomposed [K550,]} x 10°( mol /am? ) 


0 30 60 90 120 150 180 


Time (min ) 


Fig. 4—Effect of monomer when injected late in run on the de- 
composition of persulphate (KPS) Curve A: (receipe 
MAN = 0.30 mol dm ~3), KPS = 2.0 x 10-7 mol dm 3) (@), curve 
- B where extra (0.19 mol dm~*) MAN was injected after 90 mi- 
nutes. Arrow in the figure indicates the point at injection. The in- 
jected monomer accelerates the rate of decomposition (©). 


the rates obtained by the two different methods 
agree within + 10.0%. The order in [monomer] was 
found to be 1.38 + 0.05. Fig. 2 shows the time aver- 
age rates of persulphate decompositior at various 
[persulphate] and at a given {monomery. From the in- 
ig rates the order in [persulphate] was found to be 


he reaction in the presence and absence of monom- 
. The pH of the persulphate solution decreased 


1 decreas 


sii bu Aiea hl Ate 


g. 3 shows the pH variations with time during 


Tap’ ie initially, and then slowly with time. Increase 
in [MA N] in solution reduced the rate at which 
“tthe not 
S Satu- 


Molecular weights and colloidal stability of polymers 
in the latex solution 


[MAN]=0.24 x 10°? moldm™ 3 (K,$30,]=0.50 x 10? 
3 [K,SO,]=0.25 x 10°? mol dm~? 


Table 1— 


mol dm~ 
Reaction Conversion Colloidal [|x 10~? M, x 10-5 
time (%) of stability ml/gm 
(min.) monomer to m.mol 
polymer MgSO,/dm? . 4 
60 6.65 62.0 _ _ 
90 10.53 _ 1.59 2.49 
120 13.36 60.24 1.66 2.73 
135 15.65 57.80 1.63 2.62 
165 18.28 53.20 1.56 2.42 
A 
Discussion 


The simple mechanism (see Scheme 1) of per. 
sulphate decomposition in the presence of a 
monomer predicts that the rate of ons 
composition should be independent | of [monon 
This is in contrast to the result obtained 
We propose Scheme 2 to sone the re 
tained in this meses fe "ah - 


BS + 2SO; 


BS ae 


( M, )y + P (dead particle) = P* (active particle) 


vr 


—~ 


tween two active parti- 
cles if they coagulate to- 
gether; i= 1 to any value, 
say 1000 or more... (13) 


..(9) 
A 
. . (Mj), + $,0§ +(M;-O-SO;),+SO; in water, 
i .. (10) 
. . (M), =(M)p _ at the particle water interface 
. | pick, ..(11) 
' 2(M,),, ~ Polymer in water eveth2) 
enka s 
2(M;), ~ Polymer in a latex particle or be- 
| 
| 


Scheme 2 


2 In the absence of monomer, SO; primary free 
- radicals are produced only in reaction (1) and would 
> disappear via reaction (2), and so the solution would 
= be acidic. PH of the solution would decrease with 
& time which is consistent with the results shown in 
= Fig. 3. In the presence of monomer, SO; radicals 
> are also produced via the reactions (5) and (10), and 
- disappear via steps (2), (4) and (4a). If the monomer 
__ is highly reactive towards SO; radicals, and where 
¥ SO; addition to the olefinic double bond of the 
monomer js not hindered due to the steric effect of 
the adjacent alkyl groups viz. CH;, C,H,, C,H, etc., 
then almost all SO; radicals would disappear via 
step (4), as was found in the persulphate-acryloni- 
trile system*. In the latter system, the pH of the me- 
dium did not alter when the aqueous solution was 
_ Saturated with the monomer*. In the MAN- 
_ persulphate system however, slight change in pH 
:n when the aqueous solution was satus ip 
MA \N (Fig. 3) indicates that either reaction ( 


ise of the steric effect of the CH, group itt 
istetacirates cogs” Reactien 
’ S spieompta t 


at low Slimmer ate? (50°C). It ap- 
1en the solution was saturated 


1 Fig. 1, the ae ee 
1), viz ‘ | ~— 7 4 


Ar ae 4 


(4 Ab) ot both are occurring. It seems rs tt 


A 
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k, was almost independent of PH in the pH range of 
3 to 13. Below pH = 3 and above 13. k, was found to 
increase rapidly at a given temperature*’ '® Only 
Breuer and Jenkins!* reported that k, was pH de- 
pendent, and the maximum Gains of _ k, 
(=2.8 x 10~°s~') was observed at PH 7 and 50°C. 
Such a high an of k, was not reported by any 
other worker ~ >. Since the order in [monomer] is 
not Zero, it seems that there are other reactions 
which would account for the higher rates of per- 
sulphate decomposition in the presence of the mon- 
omer. 

The most plausible reactions which seem to ref- 
lect the effect of varying [monomer] are reactions (5) 
and (10), in which $,O2~ ions interact with the mon- 
omer directly and also with the water soluble 


monomeric free radicals, VIZ. M, 
i= O,-S-O- CH, -—C(CH sir CN] and 
R[= ee C(CH,)— CN or 


CH, — C( =CH,)— CN] which are resonating struc- 
tures. For simple kinetic treatment, it is assumed 
that M, and R are indistinguishable. It follows from 
the caer 2 that 

Sas é : 
oo k,[S,O", ]+ks[S, O°; )[M] 


+ ko (Mj)v [S20°s ] ...(14) 


Rate of initiation in the aqueous phase (R,),, is given 


by 
(Ri), ={2k,[S, inane 
+ kio(M;)y [S20°s }}Vu ...(15) 


where V, is * volume fraction of water, V, is the 
volume fraction of polymer, so that V, + V, = 1.0. 
Assuming (1) and (5) are major chain initiating reac- 
tions, and neglecting (10), we get, 


(Ri)w ={2k, + 2ks[M]} [S20°s Vu ... (16) 


Under our experimental conditions, V, > V, and so 
there V, = 129, ¢ 
, Rate of termination in the aqueous phase, (R,),, is 


ot © given by 
(Ry )w = 2 Keye(Mi Je Vo ...(17) 
_ In the steady state, (R;),, =(R,),, and hence 


Combining (14) and (18), we get 
oe 
aoa | ={k, + ks[M]} + kiok 


1 
sons 
x {k, + ks[M}"* [S,0%5 ]”* 

..(19) 
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Hence a plot of left hand side of Eq. (19) versus 
[s,02-]°S should be linear at a given [monomer] 
(Fig. 5). From the slope and the intercept of such a 
plot, k; and k,, have been estimated, taking k, a 
1.71 107° s7! and k,, =7.32 x 10 
(dm?.mol~'s~!) from Dainton ef al.” for the aque- 
ous polymerization of acrylonitrile since k,, for the 
aqueous polymerization of MAN is not known. The 
[monomer] was 0.36 (moldm~*) and k; was found 
as 1.12 x 10-5 (dm3mol~'!s~') and kj) as 1.46 x 10° 
(dm*mol~'s~'). It may be pointed out here that 
Dainton’s k, and k, for the aqueous polymerization 
of acrylonitrile have been questioned by McCarthy 
et al.” who believe that Dainton’s k, and k, values 
were very high. 

Fig. 4 shows that the monomer injected late in a 
run increased the rate of persulphate decomposition 
pointing to a crucial role of monomer in persulphate 
decomposition in the aqueous phase. Since in a giv- 
en run, the rate of persulphate decomposition was 
found to decrease continuously with time (Fig. 1) or 
with the conversion of monomer to polymer, it is 
clear that the polymer in the latex particles was not 
responsible for the induced decomposition of per- 
sulphate in this system. Further, the polymer was 
found to be soluble in DMF indicating that no cross- 
linked polymer was formed during the reaction. In 
the vinyl acetate-persulphate and methyl acrylate- 
persulphate systems, it was observed?! that the 
monomer injected late in a run had no measurable 
effect on the rates of persulphate decomposition. it 
is believed that these monomers are good solvents 
for their respective polymers, and so they are quick- 
ly absorbed by the existing latex particles in the Sys- 
tem, and very little of the injected monomer remains 
in the aqueous phase. For MAN, the distribution co- 
efficient (ie. concentration of monomer in the po- 
lymer phase/concentration of monomer in the 
aqueous phase at 50°C) is very low (about 1.80), 
whereas that of vinyl acetate or methyl acrylate is 
very high”, viz. about 22.0 + 2.0. 


a 


[5298°] (oor 
De Saleem bas 


The data in Table 1 show that the rate of polymer- 
ization is very slow and the total CONVEISION in 165 
mins is also very small, viz. only about 18 10. It seems 
that the locus of polymerization was shifted over- 
whelmingly from the aqueous phase to the surface 
of the latex particles, where polymerization oc- 
curred at slow rate due to the relatively low [mon- 
omer] at the reaction site, even though the polymeri- 
zation occurred at an accelerated rate. The colloidal 
stability of the latex particles was found to decrease 
with time, which indicates that incipient coagulation 
of the latex particles was taking place during the 
reactions. Molecular weight of polymer was found 
to increase with time in the early stages of the reac- 
tion, attain a maximum and then decrease with time. 
This observation is probably associated with the 
change of polymerization rates with time. Similar 
observation were noted in the emulsion polymeriza- 
tion of styrene? and also in the aqueous and emul- 
sion :polymerizations of methyl acrylate?> and of 
ethyl acrylate. 


Conclusion : 

The data presented here show clearly that the ma- 
jor initiation reactions in the persulphate-water- 
MAN system are reactions (1) and (5). In fact, at a 
[monomer] of 0.30 mol dm~3, k, = 1.71 x 107®s~!, 
k;=1.12 10~> dmmol~'s~! and at [K,S,O,]= 
10-?moldm ~3, we find that 


(Ri)s_ 2ks[M][S,O%_] 
(Ri) 2k, [S,OR] 


°1.12x10°°x03 
8 Se eee 
1.71 x10 
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_ Oxidation of tris(2,2’-bipyridyl)-cobalt(II) by p-benzoquinone is first order in each of the reactants. 
The energy and entropy of activation are 42 + 8 kJ mol~' and — 1054 25 JK™ 'mol~!. The second order 
rate constant is not influenced by change in (bipyridyl] when present in excess. The kinetic results are 
compatible with outer sphere electron transfer mechanism. The micellar effect of sodium dodecy] sulph- 
ate(SDS) on this reaction has been investigated. The binding constant of p-benzoquinone has been deter — 


mined spectrophotometrically. 


The kinetics of redox reactions of p 
benzoquinone(PBQ) with many organic and inor- 
ganic substrates except those of polypyridyl com- 
plexes of Co(II) have been reported! ~*. The interest 
in i an investigation led us to carry out the title 
work. 


Materials and Methods 


i: /v) aqueous metha- 
Bol) has been calculated using the method of De- 
~ a =e 


NUT 


-! - 
‘2 a ‘ TICG 6 } 
Yheat 


(2,2’-bipyridyl)-cobalt(II) 


Stoichiometry—To determine the stoichiometry 

of the reaction, a known concentration of — 
Co(bipy)}* was mixed with different concentrations 
of PBQ in 20% (v/v) methanol at pH 3.6. The ab- 
sorbance of each of these reaction mixtures was © 
measured at various times, till the constancy in ab- _ 
sorbance (determined at 420 nm) was observed. — 
The plot of the limiting absorbance ve 
[PBQ] has shown an inflexion at the re ; 
[Co(bipy);*]:[PBQ]=2:1. Therefore, the stoichi- _ 
ometry of the reaction can be represented by the fol 
lowing equation: . 

2H- ‘<a 


2Co(bipy)* +PBQ > 2Co(bipy)* +H, 


— 
Reaction kinetics—The course 
was followed spe ctroph otor etric 
the change in absorbance 
were 4 cm long. The absorba 
mixture at time ris viven b oy 
Se + 


y . oa) @ “ 
a" x R . 
A =e [Co VIDV )- 
S SS ee 


From Eqs (1-3), it can be shown that under both the 
conditions 
: A, — Aw =(€ — & + €;/2)[Co(bipy)’; ], ...(4) 
. Results 
. When PBOQ and Co(bipy);* were taken initially in 
stoichiometric ratio, the plot of 1/(A,—A,.) versus 
time was found to be linear, showing that the reac- 
| tion obeyed total second order kinetics. The second 
order rate constants (k or ‘.) were reproducible 
within 5%. Keeping {PBQ], fixed and varying 
| (|Co(bipy)3* |p, initial rates were determined and the 
i plot of initial rate versus [Co(bipy)3*], was linear 
4 passing through the origin, showing first order de- 
pendence in {Co(bipy)3* |. Similarly the plot of initial 
rate versus [PBQ], at fixed [Co(bipy)3*] was linear 
passing through the origin, showing first order de- 
pendence in {[PBQ] also. 


The rates are not influenced by variation in [bi- 
pyridyl] in excess over the stoichiometric concentra- 
tion. For example, under the conditions [PBQ]= 

1.01073 moldm~3, [Co(bipy)}*]=2.0 x 10-3 

: moldm~?, solvent=MeOH (20% v/v), pH=3.6, 
— _w4=5.0x10-2 moldm=> and temp=25+0.1°C 
: when 10*(bipyridyl] was changed from 8 to 
14 mol dm~?, k remained constant at 2.39+0.03 
mol~'dm?*s~'. Further, the rates are insensitive to 
change in ionic strength (u=0.01-0.1). The second 
order rate constants were also determined at differ- 
ent temperatures. The energy of activation and en- 
tropy om activation have been found to be 42 +8 
kJ mol~! and — 105+25 JK~'mol™! respectively. 
The negative entropy of activation is typical of a bi- 
eee seer saaoriniile step. 


bletelihatlon of binding constant from spectral data 
_ _The binding constant of PBQ in the presence of 
lifferent [SDS] in excess and in 20% (v/v) methanol 
um was determined using Eq. (5). 


eG sri: 7 Z| 
"KaC 


RRR. 

aati ern 

1 AX; are rte tance eh 
it_ and limiting absorbance upon 
eer re- 


..(5) 
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Discussion 

It has been reported that Co(II) and Co(III) form 
1:3 complexes with 2,2’-bipyridyl. The stability con- 
stant of Co(II) complex is quite high (log B= 16.02). 
Hence all Co(II) will be present in the form of 
Co(bipy);* under the conditions, {bipy|/[cobalt(II)| 
2 3. Since the reaction obeys first order kinetics in 
[Co(bipy)3*] and [PBQ], it is evident that both 
Co(bipy);** and PBQ are present in the rate-limit- 
ing step and the reaction involves direct one-elec- 
tron transfer between the two reactants forming 
Co(bipy)}* and a free radical intermediate PBQ 
The latter is believed to oxidize Co(bipy);* in a sub- 
sequent fast step. The formation of free radical in- 
termediate is supported by the polymerisation of ac- 
rylonitrile by the reaction mixture in the absence of 
air. PBQ or Co(bipy)3* alone does not initiate po- 
lymerization. The authors believe that the reaction 
proceeds through an outer sphere (Scheme 2) rather 
than an inner sphere mechanism (Scheme 1). 


Co(bipy)}* +H* = Co(bipy),H,O?* + Hbipy* 
Co(bipy),H,O?* + PBQ = Co(bipy),PBQ?* + H,O 
| slow 
Co(bipy)}* + PBQ= 


+ 


2H 
PBQ= + Co(bipy)3* =~ Colbipy)s* + HQ 


Scheme 1 


$F (Psa) = sx 10. mot. din 
MeOH = 20%(v/Vv) 
pH = 3-60 
3.5 


2-0 4 60 680 10-0 ,*° 14-0 
10 '/C #10 icone), mot.' dm? 


Fig. 1—Plot of 1//AQ-A) versus 1/C (PBO}=5x 10-3 
mol dm “+, solvent = MeOH (20%, v/v), pH = 3.60} 
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slow rae ; : 
Co(bipy);* + PBQ + Co(bipy)}* + PBQ 


NS Aa ety 
PBQ” + Co(bipy)}* = Co(bipy);* +H,Q 


Scheme 2 


The inner sphere mechanism (Scheme 1) is ruled 
out by the fact that the rate of the reaction is not af- 
fected by change in [bipyridyl] (as required by the in- 
ner sphere mechanism). Further, PBQ is not as good 
a ligand as bipyridyl to substitute it from the 
Co(bipy);*. 


Micellar effect of sodium dodecyl sulphate (SDS) 
SDS, above its cmc accelerates oxidation of 
Co(bipy);* by PBQ. The rate-[surfactant] profile ex- 
hibits a maximum (Fig. 2) typical of micellar-cata- 
lysed bimolecular processes*. The micellar catalysis 
shows that electron transfer is more rapid in the mi- 
cellar phase. This is in sharp contrast to the behav- 
iour observed with more hydrophobic quinones. 
Thus in the oxidation of benzyl! viologen radical ca- 
tion by duroquinone, vitamin K,, 2,3-dimethy] 
naphthaquinone and menadione, SDS has been re- 
ported to have inhibitory effect’. The more rapid 
electron transfer in the micellar region may be due 
to the concentration and environmental effects. The 
presence of a maximum” signifies that the increase 
in the volume of the micellar phase is accompanied 
both by increase in the quantity of the: substance 
Passing into it from water and by decrease in the 
concentration of the substance in the micellar phase. 
The first process tends to accelerate the reaction by 
increasing the relative Proportion of the more rapid 


(P80) = 5.0%10 * mot am-3 
60 (Colbipy)2*}= 1.0107 mot gm-3 
MeOH = 20%, (wv) 


pH = 360 
Temp = 25.0+ 91° 


10° [S0S}, mot am-3 


Fig. 2—Plot of k.., versus [SDS] ((PBO}=5.0 x 10- 
=I.0 x 10-4 
[Co(bipy%*}= 1.0 x 19- *, solvent = MeOH 

PH = 3.60, temp = 25.0 £0.1°C) 


mol dm! 
(20%, — v/y), 
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micellar reaction which predominates at low xe: 
factant], while the quantity of substance passing in : 
micelles is small. The second process viz. dilution o 
the reactants in the micellar phase, slows down the 
reaction and predominates at high [surfactant]. 
These two factors are responsible for the observed 
maximum in the rate-[surfactant] profile. . 

The micellar effect can be described by using the 
pseudo-phase model of Berezin et al.'° who derived 
rate law® for a general biomolecular micellar-cata- 


lysed reaction. 
(kyPaPp + kyPs + k’yPp CV + ky 1 —CV) 
(1+ K,C) (1+ KC) 


Keg = 


.. (6) 


In Eq. (6), P’s and K’s are the partition coefficients 
and binding constants, M, W, A and B represent 
quantities related to the micellar phase, aqueous 
phase, Co(bipy);* and PBQ respectively. ky, and ky, 
represent the second order rate constants in micel- 
lar and aqueous phases, ki, refers to the rate con- 
stant of the reaction between reactant A in the mi- 
cellar phase and reactant B in aqueous phase, ky, 
represents the reverse situation, C represents [sur- 
factant|-cmc. The cmc value of SDS in 20%(v/v) 
methanol-water mixture was taken as 8.4 x EOF? 
mol dm ~? from literature!!, 


The partition coefficient of the ionic species 
Co(bipy);*, viz. P,, between aqueous and micellar 
phase is given by Eq. (7) 


P,=e> 2/257 at 25°C ..(7) 
where Z is the ionic charge (+2). w is the surface 
potential of the micelle. Assuming a value of 
= 110-120 mv, P, has a value 5.0 x 103-1.0 x 104. 
Since K=PV, where V= molar volume (0.246 
mol” 'dm’), the binding constant of Co(bipy)}*(K, ) 
should range between 1.2103 to 2.5x 103 
mol~'dm3, | 
In the light of Eq. 6) it is evi at at 
[SDS]> 12.0 19-3 BS ate C. 
The complex is almost completely present in the mi- 
cellar phase and hence the terms including ky and - 
kX, can be neglected in comparison with other _ 
terms. Therefore Eq. (6) modifies to Eq.(8) ane = 
Ky +k: aes 
ta eee ya 


<M 
1+KsC ’ 


which can be rearranged toEq. (9), 
| Pe) 
ath sis ane “a 
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(pea) = 50210°* mol am-? yields the value of K, = 1.19 x 10° mol~ 'dm?, which 

(Got bipyl,?” ) = 1.0210"? moi am? is in reasonable agreement with the value obtained 
MeOH = 2% (wv) from spectral data, i.e. 1.36 x 10? mol~'dm?*. From 

ol tn the value of the reciprocal of the intercept, 

fora 5 tRgF At (Ky Kg + ky) has been found to be 6.7 mol~'dm3s~!, 
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Kinetics of the title reaction have been investigated in the 
Two moles of the substrate are oxidised by one MO 
1| at lower concentration of 2-mercaptobenzathia- 


] becomes 1/2. The order in [MBT] is nearly two. 
The variation in ionic strength does not influence 


water medium (60%, v/v). 


follows a pseudo-first order kinetics in [indopheno 
zole (MBT) while at higher [MBT], the order in (In 


The rate shows a fractional dependence in [OH ™] 


the rate but the rate increases with increase in the “x 
n,{In] without affecting the rate constant while addition of the 


disulphide causes a change in order 1 


leuco base accelerates the reaction rate. Activation parameters have 
e intermediate charge transfer complex as the rate deter- 


scheme showing a disproportionation of th 
mining step has been proposed. 


In earlier communications from our laboratory 
the kinetics and mechanism of oxidation of a var- 
iety of sulphydry! compounds including thiols, thi- 
ol acids and thioureas by 2,6-dichlorophenolindo- 
phenoi (indophenol, In), a model for coenzyme-Q, 
in acidic.and alkaline media were reported'"'". As 
an extension we report herein the kinetics of oxi- 
dation of an organic substrate having sulphur at- 
om ina cyclic frame-work by indophenol. 


Materials and Methods 


Solution of indophenol (In, BDH) was prepared 
in doubly distilled water. Solution of 2-mercap- 
tobenzathiazole (MBT, RSH; Fluka, Switzerland) 
was prepared in acetone (E. Merck, GR). The 
solutions were prepared afresh for each run and 
were stored under N,. The oxidation product 
2,2’-dithio-bis-benzathiazole was prepared by oxi- 
dising MBT with iodine'' and recrystallized from 
ether. Dihydroindophenol (leuco dye) was pre- 
pared by reducing indophenol with purified SO, 
gas as described earlier'*. The reaction was carri- 
ed out in aq. acetone (60% v/v) in the presence of 
OH - ions in vessels coated black outside. 

The progress of the reaction was followed by 
measuring the decrease in [In| colorimetrically 
employing Klett-Summerson photoelectric color- 
imeter fitted with a light filter no. 62 (890-660 
nm) since indophenol shows maximum absorb- 
ai 644 nm (€,,..=8.0 10° dm? mol-! 
cm °). 


140 


m of oxidation of 2-mercap 
2 6-dichlorophenolindophenol in aqueous ac 


tobenzathiazole by 
etone medium 


D. University, Jabalpur 482 001 
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presence of hydroxyl ions in acetone- 
le of In. The reaction 


dielectric constant of the medium. Addition of 


been evaluated and a reaction 


Results 

The stoichiometric investigations revealed that 
two moles of the substrate were oxidised by one 
mole of In to form the corresponding disulphide. 


2 RSH + In> RSSR + H,In 


The formation of the corresponding disulphide ; 
was confirmed by recording the UV spectra of 
the reaction mixture after completion of the reac- 
tion (excess acetone in the reaction mixture was 
evaporated and the residue was dissolved in etha- 
nol). The spectrum exhibited a peak at 271 nm 
which is in good agreement with the reported va- _ 
lue of i,,,, for 2,2’-dithio-bis-benzathiazole in 
ethanol'*, 

The reaction followed a first order kinetics in 
[oxidant] in the presence of a large excess of 
heeds) The order in [oxidant], however, chang ee 
rom 1 to 1/2 with increase in [MBT] beyond — 
8.0 x 10> + mol dm~* (Table 1). oe 2 
were verified graphically as well as by van't: 
differential methods. ? ne J 

The order in [substrate] was nearly 
vealed by the initial rate measureme 
The pseudo-first order rate constant 
practically unaffected on varying the 
dophenol] beyond 3.0 x 10>5 mol ¢ 
ample under the conditions as i 
[MBT]=8.0 10-4 mol dr 
constant at 5.74+0.14 s 
varied from 3.0 to 5.0. 
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Table 1 — Effect of variation in |MBT] on rate constant 


{In} = 4.0 x 10-* mol dm ~?, [NaOH] = 3.0 x 10~* mol dm~?, 
Acetone = 60% (v/v), [= 3.0 x 10~* mol dm~?, temp = 35°C 


[MBT|x10* k,x 104 ky. * 10° 
mol dm~* e mol’? dm~??s~! 
8.0 5.45 _ 
10.0 _ 4.17 
12.0 _ 6.08 
14.0 - 7.77 
16.0 - 9.82 


The rate decreased linearly with increase in 
(OH ~|. At [OH™} higher than 7,4x10~> mol 
dm~*, a deviation towards a second order in in- 
‘dophenol has been noticed but this aspect could 
not be investigated due to non-reproducible na- 
ture of the kinetic runs under these conditions. 
The ionic strength of the system was not main- 
tained constant in these investigations because a 
variation in ionic strength did not influence the 
The rate increased with increase in the dielec- 
tric constant of the medium indicating the partici- 
pation of polar molecules in the rate determining 
step. a le under identical “Sapte as in 
1 and ({MBT|=8.0 x 10-4 mol dm~? when 
constant of the medium was increased 
or 33 0 v/v of acetone was changed 
ae * ae UY ager from 2.99 to 


The formation of such an intermediate has al- 
ready been reported by Bishop and Tong in the 
case of quinones'*. Further, second order kinetics 
in 2-mercaptobenzathiazole is observed in spite of 
a transition in order in [indophenol]. It seems that 
dimeric species of the substrate is the principal 
reactant. Such associations of sulphydryl com- 
pounds interalia through intermolecular H-bond- 
ing has been reported earlier’. In the presence of 
OH ion 2-MBT will be partly dissociated to give 
thiolate anion which is presumed to form the di- 
mer represented as C , (see Eq. 2). Thus, 


K 


2 
RSHtRS - C, > 


The species C, is shown to react with InOH~ to 
form an intermediate, presumably a charge trans- 
fer complex, represented as C, (Eq. 3). 


K 


C,+InOH- = C,+OH- (3) 


The CT complex (C,) may undergo a homolytic 
cleavage to produce the thiyl (RS’) and the semi- 
reduced indophenol (HIn’) radicals in the rate-de- 
termining step (Eq. 4). 


k, 
C.F 


-1 


RS'+HIn' + RS~ ... (4) 


It may be mentioned here that the formation of 
RS’ radical'® and semi-reduced indophenol radi- 
cal!’ have been reported in literature. Incidentally, 
the a of free radicals in this wet 
evidenced by the praero ss acryl 


~ when added to the oe ne radi 
= renew Mei 


lead to the | ormation of the 
a A An. 
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Si] Sacer ee ee ee ee) 
anes 2k_, [HIn [RS ]+k; 
and 
,_(GKIRSHJ +8 k_ Aoki ks[RSHIRS Co)! 
En ak eRSEIRS 
-_ 3 EF) 
4k_,[RS ] 
From Eqs (1-3), 
[C,]= K,K,K,[RSH]RS- ][In] (10) 
Thus, 
ee 4k \k{RS] 
k; 
~ 4k_,[RS"] (11) 


On substituting the value of [RS'] and [HIn’] in 
Eq. (7), the rate expression is given by Eq. (12). 


_ alla) _, 


- i[C,]— k- [RS |[HIn] 


2k,[C)] 


2k_,{HIn][RS ]+k, sag 


or, 


4 SE8) = b[RSH][RS" |[In]- 


dt 
2 kk, 


(BG +dRS Fn) +k 9) 
where a= 8 k_,k,k,k,K,K,K, (4) 
b=k,K,K,K, vas (ER) 


From Eq. (13), it is obvious that if kk; is suffi- 
ciently large, then the rate expression would pre- 
dict a second order kinetics in [2-MBT] and a first 


order dependence in [In] as observed 
MBT|(EA 16) ed at low [2- 


_ {In} 


=, 7 URSHIRS™ [in 


(16) 
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However, if [RSH] is larger, then the rate expres- 
sion (13) will be valid and under these conditions, 
the reaction will adhere to near second order kin- 
etics in [2-MBT] while the order in [indophenol] 
will gradually show a transition from one to 1/2 
as has been observed. It may be mentioned here 
that at sufficiently large [2-MBT], kk, should be- 
come negligibly small in the denominator of Eq. 
(13) and this will lead to Eq. wee 


meme Ti 


Jk 
_ dln] 2 pean 
a 


dt 


Thus, under these circumstances, one would also 
notice a change in order in [substrate] but poor 
solubility of 2-MBT and its oxidation product in 
the solvent matrix employed in these investig- 
ations did not permit us to check this possibility. 

The proposed reaction scheme explains the sa- 
lient kinetic features of the reaction but does not 
give an explanation for slight increase in rate on 
the addition of dihydroindophenol in the reaction 
system. It is reported'* that semiquinone radicals 
(HD) dimerise to give leuco base and the parent 
dye as shown in Eq, (18). 


HD+HD -H,D+D Setig} 


It seems likely that the formation of leuco base 
renders the reaction givn in Eq. (18) reversible to 
some extent and thus, its addition slightly in- 
creases the rate. 
_ The complex dependence of rate on [OH] is 
in harmony with earlier observations on these sys- 
tems’” and it appears that the formation and dis- 
proportionation of the CT complex are highly pH 
dependent. It may also be added here that 
2-MBT, like thiol acids, may exhibit thiol-thione 
tautomerism2", 

The increase in [OH~] will tend to increase the 
concentration of relatively less reactive thione 
form and will cause a retardation in rate. 


Acknowledgement 


One of us (RKT) is thankful to the UGC, New 
Delhi for the award of a research fellowship. 


References 


| Mishra K K & Sinha B P Proceedi. 
| i ngs symp non-aq. me- 
dia and molten salts (Atomic Energy Commissi i 
mmission Ii 
1978; Chem Abs, 96 ( 1982) 84892 x ; “a 


2 Shrivastava A K, Mishra K K & Sinh F a 
Chem, 17B (1979) 48, ae 


3 Mishra K K, Shrivastava A K & Sinha B P, Phosphorus & 


Sulfur, 10 (1981) 99, 


TIWARI et al: OXIDATION OF 2-MERCAPTOBENZATHIAZOLE BY 2,6-DICHLOROPHENOLINDOPHENOL 


4 Rastogi M, Mishra K K & Sinha B P, Indian J Chem, 
20B (1981) 726. 

5 Pandey-N K, Mishra K K & Kashyap M, Phosphorus & 
Sulfur, 12,(1982) 179. 

6 Kashyap M, Mishra K K & Pandey N K, Can J Chem, 60 
(1982) 1928. 

7 Pandey N K & Mishra K K, Bull Soc Chim ee I (5-6) 
(1982) 179. 

8 Shrivastava M, Mishra K K & Sinha B P, /nt J chem Kin, 
14 (1982) 451. 

9 Kashyap M & Mishra K K, Oxid Commun, (1982) 461. 

10 Kalla K G & Mishra K K, Phosphorus & Sulfur, 35 
(1988) 183. 


ve Anastasi A & Tan B H, J Am chem Soc,-80 


198 | Fae PRO AS Law . 
12 K & Sinha B P, Indian J Chem, 15A (1977) 
Mall = 
i 
tries ‘Mita + .& 
yb tam: SS ae nie oe) Ae 
va ea wee 


Paid yas *.osITS 
f ote sare ead 


oy ciiliica aE at sss ahatenienia rae 


13 Organic spectral data, edited by J K Mortimer, Vol. | (In- 
terscience, New York) (1964) 544. 

14 Bishop C A & Tong L K J, J Am chem Soc, 87 (1965) 
501. 

15 §S Patai, The chemistry of the thiol group (Wiley Intersci- 
ence, London) Part 1(1974) 141. 

16 S Patai, The chemistry of the thiol group (Wiley Intersci- 
ence, London) Part I (1974) 313. 

17 Leach S J, Baxendale J H & Evans M G, Ausir J Chem, 6 
(1953) 409. 

18 Rohatgi-Mukherjee K K, Fundamentals of photochemistry 
(Wiley Eastern, India) (1978) 242. 

19 Kharasch N, Organic sulfur compounds (Pergamon, New 
York) (1961) Vol. 1, 99. 
Karchmer J H, The analytical chemistry of sulphur and its 
compounds, Part II (Wiley-Interscience, New York) 
(1972) 504. 


pbatoste: abel Le + pens - 


i | tive APES eR 5363 fa rsSeehs i 


fOFRI singlorte ge Ais tatiwart eer “Fa 
ME ees <5) ¢ Pasa | 


Indian Journal of Chemistry 
Vol. 30A, February 1991, pp 144-147 


Kinetics and mechanism of alkaline hydrolysis of malonamide and 
dicyandiamide 


M Arif Niaz & A Aziz Khan* 
Department of Chemistry, Aligarh Muslim University, Aligarh 202 002 


Received 18 March 1990; revised and accepted 31 August 1990 


-3 

ineti i lamide have been studied in 0.1 to 1.5 mol dm 

t f hydrolysis of malonamide and dicyandiamide , 
Bere 2.0 ‘ia ie sodium hydroxide respectively. Malonamide hydrolysis follows irreversible 


first order consecutive path: 


ky 


Malonamide 
+ : ; 


k, is ail 
— malonamic acid CNE, malonic acid 


The variation of k, and k, with [NaOH] is in good agreement with equations, 1/k, = B, + B,/[OH -] and 
1/k,=C, +C,/[OH -], where B,, B,, C,, and C, are empirical constants. The mechanism proposed in- 
volves monoanionic tetrahedral intermediate. Dicyandiamide hydrolysis follows the path: 


l “at 
Dicyandiamide es guanylurea —_ guanidine + ammonia + carbondioxide 


The variation of observed rate constants with [NaOH] 


is in good agreement with equation 


ko», = B, + B,[OH~]. Mechanism of hydrolysis involves both mono and dianionic tetrahedral intermedi- 
ates and their breakdown to the products is the rate-determining step. 


The formation of unstable tetrahedral intermediate 
has been propsed while discussing the mechanism 
of alkaline hydrolysis of amides! - ’, anilides+~°, and 
imides’*. In case of alkaline hydrolysis of diamides, 
formation of amic acid as stable intermediate was al- 
so reported”"". The studies on the alkaline hydroly- 
sis of diamides are found to be limited. The reason is 
that the reaction has a consecutive nature.and am- 
monia is evolved in both the steps. The transcend- 
ental rate expressions obtained are not solved easily 
for rate constants. In continuation of our work on 
consecutive reactions’® and hydrolysis of amides! 
under alkaline medium, we report herein the results 
of hydrolysis of malonamide and dicyandiamide, 


Materials and Methods 


Malonamide (Fluka), dicyandiamide (AR, BDH) 
and KNO, (E. Merck) were used as such. Concen- 
trated stock solution i 
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Results and Discussion 
(1) Malonamide hydrolysis 

The rate of reaction was significantly changed af- 
ter the completion of 50% reaction which indicates 
that hydrolysis of malonamide occurs in two steps. 
Since an excess of [OH -] was used, the hydrolysis 
was found to follow an irreversible first order con- 


? 


k 
secutive reaction path: A ——., ae 


i, a NH, C; where 


A, B, and C represent malonamide, malonamic acid, 
and malonic acid respectively. This reaction leads to 
Eq. (1) for [NH,] as a function of time, 4, and rate 
constants, k, and k,. 


Kj = Dee ete k 
N |= a aaah! | Kut l ~kyt 
[NH,] ME [=24), (7). | 


meee | 


On making following Substitution, 
= [NH,/A,- 2;0=k,rand 
P=k,/k, 

Eq. (1) converts to Eq. (2). 


9(0—1)=6-8— (29 1) 6-0 -+. (2) 
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Equation (2) can be solved’, if 6 is guessed as the 
value of 6 and the error, e, closely approximated 
from Eq. (4). 


6=0,+¢€ 
~ (9 - 1)+(2p-1)e beter ng 
(2p-1)e °-pe ™ 


We have determined values of 8 using Eqs (3) and 
(4) in the ocmputer programme (FORTRAN IV) at 


a given p and at different time intervals from the va- 
lue of [NH,] for a given set of reaction. The ratios of 


consecutive values of 9, i.e., 6,/65, 8,/8;, 65/0, ...., 


along with the corresponding ratios of time (t,/4, t/ 
bl, b/ ly ....) were calculated. Moreover, the various 
trial values of p were introduced and the best value 
of @ was selected at which the difference between 
the sum of squares of ratios of 8 and sum of squares 
_ of ratios of time was found to be minimum. 


aes aed rate constants were found insensitive to ionic 


1. Studies were carried out at different tem- 
ae inc Seaton parameters evaluated us- 
us and Eyring equations with linear 
shmnique. . The values are: for A>B, 

= 6.73 y 13: ae a. AH? = 33.88 + 1.33kJ 
a as" = = 26 5243.85 JK~! mol~!; for 
kan A - 40.' 7. ey EE AH* = 38. 13 

Segante t= - 

* AE og 92 ae 

Hi} peas studied with Ae Soe 


-Fig. 1—Plots of the variation of 1/k, (curve 1) and 1/k, (curve 


5.0 


1/[0H7) 


2) with 1/[OH - } for hycitlvtis of malonamide. 


Ist step 
NH,OCCH,CONH, =~ 
keg 


) 


( . 
20] KitoH") 


; Slt sa 7H 2C ONH™ 


the tipe 


kgl OH") 


o- 


OH 


é A 
NH20CC H2-C—NH> 


slow 


(3) 
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-NH20CCH2C00 + 
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Nigt 


INDIAN J CHEM, SEC. A, FEBRUARY 1991 


a 13 " 
ready been reported by Bruylants and Kezdy dur 
ine the kinetic study of alkaline hydrolysis of substi- 


tuted acetamides. 


(2) Dicyandiamide hydrolysis. 

The pseudo-first order rate constants, Ky Were 
insensitive to ionic strength. Effect of temperature 
on hydrolysis was studied over the range 343-37 1K 
and various activation parameters were determined 
by using Arrhenius and Eyring equations with linear 
least-squares treatment. The values are: 
E, = 38.25 + 0.64 kJ mol~'; AS” = — 228.104 1.90 
JK-! mol-!; AH* =35.24+0.68 kJ mol™! and 


In A= 3.21 + 0.43 sec™'. 

Effect of [NaOH] on hydrolysis of dicyandiamide 
was studied ranging from 0.25 to 2.0 mol dm? at 
368 K. The plots of k,,,. versus [OH “| are shown in 


Fig. (2). Experimental data fit the empirical Eq. (9). 
ky, =B, +B, [OH “| ee. 


The linear unknown parameters B, and B, were de- 
termined using least-squares technique 
(B, =2.04 x 10-3 min~! and B, =3.51 x 10-3 dm3 
mol”! min“ '). 


Hydrolysis of dicyandiamide in basic medium 
gives guanidine, carbondioxide and ammonia as 
products. In this reaction, guanylurea (I) is a stable 
intermediate product. The formation of (I) is much 
fast in comparison to its decomposition, therefore, 


10.0 
368K 
8.0 
oe 
_ 60 
i: 
E 
4 
2 40 
x 
faa) 
S 
2.0 
1.0 aes 


[OH") 


Fig. 2—Effect of [NaOH] on hydrolysis of dicyandiamide 
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overall reaction is pseudo-first order under highly 
alkaline medium and can be represented as: 


NH NH 


iI H,0 , Last It 4 
NE, -CNHCN ——— NH, -CNHCON: 2 


NH (1) 


OH ,slow \| 
————> NH, - C- NH, + C0, + NH. 


In alkaline medium, the primary reaction fo dicyan- 
diamide leading to the formation of guanylurea was 
also described to occur rapidly, while the hydrolysis 
of guanylurea is a slow process’*. 

During the alkaline hydrolysis of amides, the for- 
mation of monoanionic tetrahedral intermediate 
was suggested by Bender and coworkers?:!> from 
the study of isotopic exchange and hydrolytic reac- 
tions of benzamide. In some cases, the reaction was 
found second order in OH~ which explains removal 
of hydrolytic proton of monoanionic tetrahedral in- 
termediate by OH” to form dianionic tetrahedral 
intermediate*'’. It was also described that the exist- 
ence or nonexistence of dianionic tetrahedral in- 
termediate in the rate-determining step depends up- 
on [OH J and nature of acyl substrate. The rate-de- 
termining step of amide hydrolysis in the alkaline 
medium is base-catalyzed explulsion of — NH, 
group from the tetrahedral intermediate. It was sup- 
ported by kinetic evidence'® for a change in rate-de- 
termining step with increasing [OH~]. Moreover, 
formation of tetrahedral intermediate from guanylu- 
rea cannot be considered rate-determining step be- 
cause of sufficiently large negative value of entropy 
of activation (AS* = — 228.19 JK-! mol~'). It ex- 
plains proper orientation of several water molecules 
in the transition state which can be expected due to 
the existence of a high charged transition state!’. 

The mechanism of hydrolysis of dicyandiamide 
consistent with observed results is given in 
Scheme 2. In the Scheme, species (II) is an unreac- 
tive conjugate base of guanylurea. Use of Steady- 
state approximation for reactive tetrahedral inter- 
mediates lead to expression (10). 


kk, Ky [OH ]+k,k;K,K,(OH~[? ao 
(1+ K, [OH })(k_, +k, +k3K;, [OH ]) 
Conversion of (III) to products or back to reactants 
is men eri than its conversion to dianionic 
species”, i.e, (kK_,+k,)>k, K [OH~]. Therefore, 
Eq. (10) reduces to Eqit 117, im . 
~ kik Ky [OH ]+k, k,K,K,[OH~? 
(1+ K,[OH "})(k_,+k;) 


obs 


obs 


sei 


. 
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hg 
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NH2 - C-NHCN+ H50 
(1) 
Il kn 
H 0 et NH O° . NH 9 


NH)-C-NH-C-NH2 AilOH 1 NH2- C-NH-C-NH2LCT 1 H- C-NH-C-NH2 


(2) k-y OH H0 07 
ll K\ [OH] 
N7 (0) 


(4) | (5) 


slow slow 

u it hc NH ice 

NH2- C-NH-C-NH2 —°* NHp-€- NH2+C02+NH3 
(3) (6) 

SCHEME 2 
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Kinetics of oxidation of free and Zn(II)-bound thiocarbohydrazide (TCH) by N-bromoacetamide 
(NBA), N-chlorobenzamide (NCB) and N-bromobenzamide (NBB) have been studied in aqueous, wa- 
ter-methanol and water-acetic acid (1:1, v/v) media in the presence of perchloric acid or buffer. The reac- 
tions show first order kinetics in [oxidant] and fractional order each in [substrate] and (H* ]. Addition of 
the reduced product of the oxidant decreases the rate of NBB oxidation, while it has no effect in NCB 
and NBA oxidations. Increase in either ionic strength or dielectric constant of the medium increases the 
rates of oxidation in all the cases. Both Michaelis-Menton type and two-pathway mechanisms have been 
considered to explain the results. The rate constants are also predicted from the deduced rate laws and 
the predicted values are in good agreement with the experimental constants providing support to the pro- 
posed mechanism. The metal complexation of thiocarbohydrazide has little effect either on the rate of 


oxidation or kinetic orders. 


The title investigation is an extension of our previ- 
ous work!’ on the kinetics and mechanism of oxida- 
tion of free and metal bound thiosemicarbazide and 
thiocarbohydrazide (TCH). 


Materials and Methods 

Preparation and purification of TCH etc. were re- 
ported elsewhere*’. The stock solutions (0.10 mol 
dm~*) of TCH and its zinc complex (0.05 mol 
dm~*) were prepared in 0.10 mol dm~3 aqueous 
perchloric acid or hydrochloric acid. 

N-Bromoacetamide (NBA), N-chlorobenzamide 
(NCB) and N-bromobenzamide (NBB) were pre- 
pared in the laboratory and their purities were 
checked by iodometric estimation of the amount of 
active halogen present in them. 

Acetic acid was purified before use and all other 
reagents employed were of accepted grades of pur- 


ity. 


Kinetic measurements 

Kinetic studies were made under -fj * 
der conditions ({substrate] > (oxidant), § ‘0 “6 wi 
excess). The reactions were initiated by the rapid 
addition of requisite amounts of thermally Pi 
brated oxidant solution (0.0005-0.003 mol dm~3) 
to solutions containing known amounts of preequili- 
brated substrate ((.005-0.05 mol dm~*) and perch- 
loric acid (0.01-0.30 mol dm~+4) or KC] — HCl buf- 
fer (and benzamide and mercuric acetate in NBB 


b 
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oxidations). The progress of the reaction was moni- 
tored for at least two half-lives by the iodometnic de- 
termination of unreacted oxidant at regular intervals 
of time. The pseudo-first order rate constants (k,,,.) 
were computed by the graphical methods and the 
values were reproducible within + 4% error. 

The aquo-organic solvents employed were water- 
methanol (1:1, v/v) and water-acetic acid (1:1, v/v). 


Stoichiometry and product analysis 

The stoichiometries of TCH — NBA, 
TCH — NCB and TCH — NBB reactions both of the 
free and metal-bound TCH were determined by al- 
lowing the reactions to go to completion at 303K 
and different [HCIO,] (0.01-0.30 mol dm~3) and 
[substrate]|/[oxidant] ratios. The presence of sulph- 
ate and carbon dioxide in the reaction products 
were detected by standard tests. Further, sulphate 
was estimated gravimetrically and the yield was 
90+ 5%. Observed stoichiometries per mole of 
TCH in the free and Zn(II)-bound states may be 
represented by Eqs 1 and 2. 


H ,NHNCSNHNH, + 8CH,CONHBr + 6H,O = 

8CH,CONH; + 2N, + CO, + SO}- + 8Br- + 10H* 
a 

H,NHNCSNHNH;‘+8C,H,CONHX + 6H,O— 

8 C,H,;CONH; + 2N, +CO, +SO}> +8X- + 10H* 

ay 


Poy 
‘a 
Sit 


where X= Cl or Br. 
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Nitrogen evolved was also determined quantitat- 
ively. 
Results 

At fixed [substrate] (several fold excess over [oxi- 
dant}) and [HCIO,], the plots of log [oxidant] versus 
time were linear at least for two half-lives for all oxi- 
dants. The pseudo-first order rate constants (k,,,) 
were unaffected by the changes in [oxidant], 
(Table 1), establishing first order kinetics in [oxi- 
dant] in all the cases. At constant [oxidant], and 
{HCIO,], the rates increased with increase in [TCH] 
or [complex] with varying fractional order depen- 
dences in [substrate] (Table 2). The metal complexa- 
tion of the ligand TCH had little effect either on the 
rate of oxidation or kinetic orders. 

The rates of oxidations also increased: with in- 
crease in [HCIO,] (Table 1) with varying fractional 
order dependences in [H*] for all the oxidations 
(Table 2), 

The variation in ionic strength of the medium with 
NaClO, had little effect on the rates of oxidations, 
while decrease in dielectric constant of the medium 
pi decreased the rates (Table 3). 


ing methanol or acetic acid content of the. 


Addition of the reduced product of the oxidants 
had little effect in NBA and NCB oxidations, while 
the rate decreased in the case of NBB oxidation, 
with an inverse fractional order dependence in [ben- 
zamide}. The rates increased with increase in [mer- 
curic acetate] in NBB oxidations (Table 3). Addition 
of sodium acetate and variation of ionic strength 
with it also had significant effect. 

The [substrate] were varied at different tempera- 
tures and the coefficients of the rate controlling 
steps have been computed at each temperature. The 
latter constants were used to calculate the activation 
parameters from the Arrhenius and Eyring plots 
(Table 2). 


Discussion 


Mechanism of oxidations 
(i) N-Chlorobenzamide and N-bromoacetamide 
oxidations 

The kinetics of first order in [oxidant] and frac- 
tional order each in [substrate] and [H* |, and non- 
influence of the reduced products of the oxidants 
may be explained by a Michaelis-Menton type me- 
chanism (Scheme 1). 


Table 1 — Pseudo-first order rate constants (k,,,) for the oxidation of thiocarbohydrazide (TCH) and its metal complex, Zn(TCH),Cl, 


‘ 


idant|, 107{sub], {107[HCIO,] 
dm-') Rad rite  tinianed n-*). - 
a SESEE = or Een SER 


titans.) corist bet agbemg:. 


ose: 

b > = _ 
Bere i 

re, 


FY : e < > 
3A) in aqueous medium at 283K, N-chlorobenzamide (NCB) in water methanol ( 1:1, v/v) at 283 K and by 
3 ? water-acetic acid (1:1, v/v) medium at 293 K in the presence of perchloric acid (ionic strength. 1=0.30 
mol dm- 3) (values in parentheses are the pH values of reaction mixtures) 
Bou 


104 k,.{a="} 


MBB 20) A ae 


xis > i rt | 
: ? ; c ‘ ee 
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K, 
RNHX +H* 2 (RNH)X)* : (fast) 
(RNH,X)* + H,NNC(SH)NHNH, = Complex 
ex : (fast) 
k, : 
Complex > (RNH,)+ H,NHNC(SX)NHNH, 
(slow) 
H,NHNC(SX)NHNH, + H,0 > 
H,NHNC(SO)NHNH, CoH’ +x” 
H,NHNC(SO)NHNH, + 2(RNH,X)* > 
XHNHNC(SO)NHNHX + 2(RNH3)* (fast) 
XHNHNC(SO)NHNHX + 5(RNH;X)* + 5H,0~ 
Final products 
where R =CH,CO(NBA), C,H,CO(NCB), 
X = CI(NCB), Br(NBA) 


(fast) 


Scheme 1 


Based on Scheme 1 rate laws (3-6) have been de- 
duced. 
d{NCB] _KikK »k{oxidant),,.[S\[H "| (3) 
dt 1+K,H*]+K,KH [S| ae 


or 


___K.K JSP" 
fom K (H+ KKH IS) rh 


Eq. (4) may be rearranged as 


ARY 1991 
ite Ae S ae 
Kits K ,K»k[H } (S] k; 
or 
1 1 Y tS) ~P 
Kk. KiKkAS)(H*}  K2k:IS) 


Equations (5) and (6) predict linearities between 
1/ky, and 1/[S] or 1/({H*]:The plots of 1/K ops Ver 
sus 1/[S] and 1/k,,, versus 1/[H*] were linear with 
finite intercepts on the ordinates in accordance with 
the predictions (see Fig. 1). Reciprocals of the for- 
mer plots gave k,; 10° k, (s-!)=NBA: 2.9 (TCH), 
3.9 (complex); NCB: 2.2 (TCH), 2.6 (complex). Fur- 
ther, the substrate concentrations were varied at dif- 
ferent temperatures (278-293 K) and the values of 
k, were computed at each temperature. Activation 
parameters were then calculated from the plots of 
log k, versus 1/T and log (k3/T ) versus 1/T (Table 
2). The equilibrium constant K, was calculated from 
the intercept (1+ K,[S])/K2k3[S], of 1/k ,, versus 
1/{H*] plot by inserting k, and [S] value: K, (dm? 
mol~!)=NBA: 500 (TCH), 650 (complex); NCB: 
312 (TCH), 303 (complex). Further, the constant K, 
was calculated from the slope of either of the two 
plots: K, (dm? mol~')=NBA: 5.0 (TCH), 3.3 (com- 
plex); NCB: 16.3 (TCH), 28.7 (compiex). The differ- 
ences in equilibrium constants are due to the nature 
of solvents and the oxidants employed. 

The computed constants K,, K, and k; were em- 
ployed to predict the rate constants as [S] and [H*] 
varied. The predicted values compared with the ex- 


Table 2 — Kinetic data and activation parameters for the oxidati 
oxidation of TCH and its metal complex by NBA in aqueous, NCB in 
; water- 
methanol medium (1:1, v/v) and by NBB in water-acetic acid medium (1:1, v/v) : i 


Orders (n) 


observed in. Computed from 

Ses Se NCB NBB, I with 

K obs k k k 
- obs obs k. Kops NaClO 

TCH Complex TCH TCH TCH Complex TCH TCH — Complex Korg k er 

[Oxidant] Re WO tO a oe TcH TCH TCH 
ig’ 49 1.0 1o: “4s 
: 0 1.0 1. ; 

ae er 044 084 053 032 035 0.46 038 033 048 as pe Ri 
pained 044 040 057 024 ‘022 OA7 ‘049° “GSS “Gee 0.36 0.35 0.25 
Parameters a oe Computed from 

k, k 

3 k, k k 
log A 8.73 , ’ ke ke 
E,, (kJ mol-') 61.1 a pe fg 4.24 11.36 = 15.35 
" 30.8 

sien) 02 7S Sa eae 

-11. -117.5 -68.7 -36.2 . 

. 2 163. - e 

Sa Mg 83.0 res as oer 


aati a nN 
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Table 3 — Effect of varying dielectric constant of the medium, addition of benzamide (RNH >), Mercuric acetate and sodium acetate 
on the rates of oxidation of TCH and its metal complex by NCB in1:1 (v/v) water-methanol and by NBB im water-acetic acid (1:1, 
v/v) (Temp: 283 K (NCB), 293 K (NBB) 


10° [RNH,| 10* k3,, (s~') “fe MeOH 10* k2,, (s~') 
(mol dm~*) ea ee 
TCH Complex TCH Complex 


NCB oxidations 
15.2 
15.0 
14.8 
14.6 


-NBB oxidations 
8.7(11.1)? 12.3 40 
6.69.2) 94 50 
5.0176) 6.6 60 
4.2168). 5.7 70 
r 10°[NaOAc] 

: (mol dm~*) 

teat $5 ee eee 

Ay ees 68 ae seer ee 


: my 6. mH =A - 
«5 ILS 


Loni os 23.4 
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-1 
[Ht] ,dm3mol 
ae ea 6 


(a) 


40 80 120 %0 200 
VES ].dm3mot™ 
Fig. 1—Plots of (a) 1/k,,, versus 1/[S] (10°[NCB],=20 
-[HC1O,]=1.0 mol dm~3, medium: water-methanol (1:1, v/v), 
temp. 283 K, ® TCH, ® complex) 
(b) 1/k,,, versus 1/[H*] (10°[NCB], = 107[S], = 1.0 mol dm~3, 
other conditions being the same @ TCH, ® complex) 


perimental constants are shown in Table 4. A good 
agreement between the two sets of values provides 
support to the suggested mechanism. 


(ii) N-Bromobenzamide oxidations 

The results can be explained by a two-pathway 
mechanism (Scheme 2) instead of a Michaelis-Men- 
ton type mechanism. The different behaviour may 
be due to change of solvent or medium. 


K 
CsH;CONHBr +S ="C,H,CONH, + S’ (fast) 
k 


5 
S'+H,O > §’+H*+Br- (slow) 


kg 
C,H;CONHBr+H?+t — C;H;CONH, +Br*{ 
S”+CsH;CONHBr — Products 
Br* +S — Products 


slow) 
(fast) 
(fast) 


The other fast steps leading to stoichiometric pro- 
ducts are similar to steps in Scheme 1, 


Scheme 2 


The combined rate laws (7-9) 


based on competitiv 
steps have been deduced. : ; 


. BAI + kNBB]H’* | 


(7) 
152 


107 (H*], mol dm” 


10°[s] , mol dm? 


Fig. 2 — Plots of (a) k,.,, versus [S] (10°[NBB], = 20 [HCIO,]= 1.0 
mol dm ~ ’, medium: water-acetic acid (1:1, v/v), temp. 293 K) 
(b) ky, Versus [H*] (10°[NBB], = 107(S], = 1.0 mol dm~3, other 
conditions being the same. @ TCH, @ complex while J=0.30 
mol dm~?* with NaClO, and & TCH while J/=0.30 mol dm-> 


with NaOQAc) 
ie K ,k.{S|[H,O] 
a Fea: k[H*] . (8) 
or 
eS k{H"] .. (9) 


where k’;= k,[H,O]. 

Rate law (9) is in conformity with the observed 
linearities of the plots between K.,, and [S], k,.,, and 
[H*] (Fig. 2) and k,,. and 1/[BA] (figure not shown). 
Three sets of K,k; and k, were calculated from the 
plots of k,.,, versus (S], k,,. versus 1/([BA] and k,,, 
versus [H*]. The constants computed from one of 
the plots were used to predict the rate constants as 
the other two concentrations were varied and vice- 
versa. The latter constants compared reasonably 
well with the experimental values testing the con- 
sistency of the rate law and hence the proposed me- 
chanism. Further, the values of k, at different tem- 
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peratures and the corresponding activation parame- 
ters were calculated as described earlier. 

The stoichiometric equations for the oxidation of 
TCH indicate that [H*| ions are generated in the 
course of the reaction, resulting in the variation of 
(H*|, under conditions [HCIO,] < {oxidant}. Hence 
it is natural to suspect that the kinetics observed 
may not give a true picture of oxidation process. To 
make sure that the kinetics determined are reliable, 
oxidation of TCH by NBA and NCB was also stud- 
ied in KCl — HCI buffered aqueous and water-meth- 

anol (1:1, v/v) media. The results are shown in Table 
5 and Fig. 1. In addition pH of the reaction mixtures 
as |HCIO,] and [TCH] varied were measured (Table 
1). The rate dependence in (H*|,, was calculated 
from the measured pH values at varying [HCIO,]. 
The latter values were used to compensate the 
change in rate constant due to change in [H * | at dif- 
ferent [TCH] (k,q=k,,./[H* |"). The effective rate 
constants (10* k,4, s~') are NBA: 39.8, 58.4, 98.5, 
167.1, 342.8; NCB: 16.0, 22.7, 29.2, 35.9, 49.7; 
NBB (/ with NaClO,): 11.2, 13.7, 17.9, 24.5, 46.1 
and NBB (/ with NaOAc): 15.4, 22.6, 36.9, 48.9, —, 
for 10? [TCH]=0.5, 1.0, 2.0, 3.0 and 5.0, (mol 
dm_~») respectively. 
_ These Sais nck used to calculate the rates at 
‘different [TCH] (see Table 2). The kinetic orders in 
_ [TCH] computed from the effective rate aren 
are relativel than the ones computed from 
> bop ee ee cae our ar 
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Table 5 ~ Pseudo-first order rate constants ( k..) for the oxida- 
ton of TCH by NBA in buffered* aqueous and by NCB in buf- 
fered water-methanol (1:1, v/v) medium at 283 K 


10{oxidant|, 10°TCH), pH 10* kop. (Ss!) 
(moldm~*) (mol dm~}) ae 
NBA NCB 
Effect of varying {oxidant} 
0.5 1.0 1.8 10.5 8.4 
1.0 1.0 1.8 10.6. 8.5 
2.0 1.0 1.8 10.5 8.5 
Effect of varying {substrate| 
1.0 0.5 1.8 8.6 6.8 
1.0 0.75 1.8 8.6 _ 
1.0 1.0 1.8 10.6 8.5 
1.0 2.0 1.8 14.8 11.8 
1.0 3.0 1.8 18.2 14.4 
Effect of varying pH 
1.0 1.0 1.2 21.3 17.2 
1.0 1.0 1.5 15.3 10.9 
1.0 1.0 i.8 10.6 8.5 
1.0 1.0 2.1 6.8 6.5 


*HCI — KCI buffer 


The observed effects of variation in solvent com- 
position on the rates of reactions may be explained 
by either Amis* or other concepts. The plots of log 
ky, versus 1/D (or % MeOH or HOAc) were linear 
with negative slopes. Negative AS values may in- 
dicate that the transition states are more ordered 
than the reactants due to decrease in the number of 
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The kinetics of Pd(II) catalysed oxidation of mandelic and tartaric acids by chloramine-T have 
been investigated in alkaline medium. A first order dependence of rate each in [substrate] and [catal- 
yst] has been observed. The order of reaction in chloramine-T and alkali decreases at higher [chlora- 
mine-T] or [NaOH]. A suitable mechanism consistent with kinetic data is proposed and discussed. 


The kinetics of redox reactions involving homo- 
geneous catalysts such as platinum group metals 
_ particularly osmium(VII)', ruthenium(III)**, iridi- 
um(III)* have been extensively investigated from 
mechanistic point of view. However, the role of 
Pd(II) as homogeneous catalyst in such reaction 
has not been investigated so far, and hence the ti- 
tle reaction has been investigated. 


Materials and Methods 

DL-tartaric acid, mandelic acid, chloramine-T 
(CAT), and Pd(II) chloride and other reagents 
used were of AR grade. All the solutions were 
_prepared in doubly distilled water. 

The stock solution of Pd(II) chloride was pre- 
pared by dissolving the sample in dil. HCl, the fi- 
nal strength of Pd(II) chloride and HCI being kept 
at 22.5x10°-* mol dm~} and 1.0x10-? mol 
dm~* respectively. Chloramine-T solution was 
standardised 1odometrically. Stock solutions of 
CAT and Pd(II) chloride were stored in black 
coated bottles. The reaction vessels were also 
coated black from outside. 

The reactions were initiated by the addition 
preequilibrated CAT solution 6 other aon 
solution, preequilibrated at the desired tempera- 
ture, although the order of addition had no effect 
on the rate. The Progress of the reaction was fol- 
lowed by determining [CAT] iodometrically in ali- 
quots withdrawn after suitable time intervals. The 
iodine liberated by Pd(II) ion was taken into ac- 
count. The temperature was maintained with an 


The reaction mixture containing a known ex- 
cess of [CAT] over [substrate] was kept in the 
ges of NaOH and Pd(II) chloride at 35°C for 

2 hr. Estimation of unreacted CAT showed that 
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one mole of mandelic and tartaric acids con- 
sumed one mole and two moles (more than two 
moles at lower {substrate]) of CAT respectively. 


The presence of benzaldehyde as product in 
the case of mandelic acid was confirmed by form- 
ing its 2,4 DNP derivative and comparing its m.p. 
with that of an authentic sample. In case of tartar- 
ic acid, glyoxal, glyoxylic acid and formic acid 
were detected as the products. 


The products were also determined under the 
kinetic conditions, i.e. at low [CAT]. Under these 
conditions the oxidation product of mandelic acid _ 
was benzaldehyde. However, in the case of tartar- __ 
ic acid the oxidation product was glyoxal. am 


“ 


Results ee oe 
The reactions were studied at various initial — 
[reactant]. The reactions do not proceed in the 
absence of Pd(II). However, in the p esence of 
Pd(II), the log(CAT] versus time plots were 
upto 85% of the reactions and, therefore, p 
first order rate constants in CAT (Ki 
uated from the slopes of these | 
constants (k,,,.) at different initial [re 
ported in Table 1. It is observed 
in initial [CAT] resulted in a de 
(Table 1). It was also observed 
[CAT] the reactions were ini 
20% of the rea s 
plots 


« ma ou 
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Table | — Dependence of rate constants at several initial [reactant] at 35°C ’ 
10° (CAT| 107(s} 


10* {Pd(I1)}* 10° {OH "| ki. x 108 (s>') 
(moldm *) (mol dm ~*) ‘moldm ° (mol dm~') 
Tartaric acid Mandelic acid 
1.0 2.0 2.25 10.0 12.20 6.15 
1.5 2.0 2.25 10.0 7.67 4.22 
2.0 2.0 2.25 10.0 3.84 3.07 
2.5 2.0 2.25 10.0 3.08 2.30 
3.0 2.0 2.25 10.0 2.50 2.11 
2.0 1.2 2.25 10.0 2.50 1.9] 
2.0 1.6 2.25 10.0 3.26 2.49 
2.0 3.0 2.25 10.0 5.97 4.22 
2.0 4.0 2.25 10.0 7.29 5.75 
2.0 2.0 1.35 10.0 2.10 1.80 
2.0 2.0 1.80 10.0 3.07 2.39 
2.0 2.0 3.37 10.0 6.14 4.20 
2.0 2.0 4.50 10.0 8.44 S.75 


*Inthe case of tartaric acid, {Pd(II)] is half of the reported values in the table. 
ee 
ite Pivesiare- - my (OH- Fs . 

The Aes ok oe on the rate was 
aintainec age the addition of sodium 50 
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it was taken into account. The plot of == 
OH ~ | deviated from linearity (Fig. 1) 
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and (2) can be suggested 


um (1) 

(PdCl,?~ and OH , 

[PaCl, > +OH™ = (Pd(OH)CI,)> + Cl (1) 
(C)) (C,) 


(Pd(OH)CI,)~ + OH =(Pd(OH),Cl,P + Cl" 


ole} 
(C,) 


CAT behaves like a strong electrolyte® and in 
aqueous solution ionises as, 


RNNaCl = RNCI + Na* 
(where R represent CH;,C,H,SO, — group) 

It has been observed that in aqueous alkaline 
solution, CAT is hydrolysed in accordance with 
Eqs (3) and (3a), 

(3) 


BR go 9) 


RNNaCl+H,O = RNHCI+ NaOH 


RNHCI+ NaOH = RNH,+ NaOCl 


Thus in alkaline solution of CAT, RNHCI has 
been considered as the main oxidising species’ of 
CAT. The absence of Michaelis-Menton recipro- 
cal relationship® (a kinetic proof for the complex 
formation between substrate and catalyst) and 
strict first order dependence in [substrate] ruled 
out any complex formation between the substrate 
and catalyst. Based on the hydride ion abstracting 
capacity, a cyclic structure for the complex be- 
tween RNHCI and OsO, has been suggested’. 
This structure shows that the electron density 
around the nitrogen atom (in RNHCI) is lowered, 
resulting in the weakening of N — Cl bond. Subse- 
quently the hydride-ion abstracting capacity of 
N-chlorotoluene-p-sulphonamide (RNHC1) is in- 
creased after complexation, which, results in a in- 
teraction of complex with the appropriate form of 
the substrate. Since no oxidation of mandelic acid 
or tartaric acid occur with either palladous chlo- 
ride or chloramine-T alone, it is reasonable to as- 
sume a similar complex between reactive species 
of palladous chloride and RNHCI. 

Further, retarding effect of OH~ at high {alkali| 
(Fig. 1) indicates that species C, of the catalyst 
(step-2) which is formed at higher [alkali] is resis- 
tant towards CAT. 


156 


A. FEBRUARY 1991 


basis of the above facts and experimen- 

nism as given in Scheme 1 
| i nder study. We 

a » proposed for the reaction UNes 

oe WHEE mplex formation between 


have tried to confirm co 
Pd(Il) chloride and CAT. The absorbance was 


measured (at 400 nm) for a series of solutions 
containing varying amounts of CAT with ie. 
stant amount of Pd(II) chloride (L122 10 mol 
dm~3) and NaOH (OS XI0=4 mol dm~?). It is ob- 
served that addition of increasing amount of CAT 
gradually decreases the absorbance due to Pd(II) 
chloride until the [CAT]:[Pd(II)] ratio becomes 1% 
Thereafter, there is no further decrease in absorb- 
ance. However, a turbidity appears in the solu- 
tions after keeping for some time. 


On the 
tal results the mecha 


; gi Sa 
CPdCi,} + OH [Pd (OH) Cig} + CHO) 


ae 


ania r mae ye tee 
[Pd(OH) Clg] + OH (Pd (OH)2 Cl2] + Cl (Hn) 


Cl Z- 


Cl N-R 
K3 NA ian 
a pie +H 
J sk 20 mt 


Cl Cl 


- 2- 
[Pd (CH) C13] + RNHCI 


(x) 


Cé65Hs OH 


k = 
(x) + “eo —_—» {Pd cia)? + CgHs5CHO + RNH2 +CO2 tiv) 
fem 
H 2O90H 
in case Ot tartaric acid 
HC (OH) COOH ke 2- 
(x) + ——+» [racy] +* RNH2 +CO2 + HCO 
HC (OH) COOH | 
HC\OH) COOH 
(x) 
= CHO 
(Pac) +CO2*RNH2*+ | = 
CHO 


SCHEME 1 


The formation of formic acid and glyoxalic acid 
as the end products in the presence of excess of 
oxidant may involve various unstable intermedi- 
ates which are not easily identifiable. 

According to the mechanism (Scheme 1), the 
rate of disappearance of CAT in terms of [Pd(II)]}, 
may be given by Eq. (4) | 


oe a eee ietin tt — 


=d|CAT) _ | 7 tea 
Pee 7 


____ nk, K, K{CATJOH JPA HSICE) 
Cl f+ KOH [Cr )+K,K{CAT[OH [CI |+K,K{OH | fe | 
7 tena ” a 
aoe i 
(where n=1 and 2 in case of mandelic acid and — 
tartaric acid respectively, K, also includes water — 
molecule). At lower (alkali, where sp 
does not exist and K,=0, rate law (4) 


al nba one 
= d|CAT] _ nk, K\ K{CA 
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The experimental results, ic. first order de- 
pendence each in (catalyst] and {substrate}, a de- 
crease in the observed rate constants at higher al 
kali] and [CAT] and a retarding effect of Cl 
the rate are in agreement with the rate law (5). ‘A 
higher initial (CAT] the reactions are initially fast 
(upto 10-20% of reactions) suggesting a zero or- 
der dependence in [CAT]. This is also supported 
by rate law (5). 

Further at higher [alkali] where the species (C,) 
of the catalyst dominates, K,|OH  |\/Cl- \+ 
-K,{CAT|(Cl- ]+ K,[OH-}} > ici- F may be taken 
as a suitable approximation and therefore, rate law (4) 
reduces to (6) 


= d\CAT]|___ nk, K[CATIPA(H)}r(SICU | 


dt —- (Cl ] + K,[CATI[Cl ] + K,[OH | 


. (6) 
: law (6) explains the retarding effect of 
fae on ame rate at very high alkali]. However, 
jaatentet CX: at high [alkali] is expect- 


which is independent of the {catalyst} or |substr- 
ate|. Figure 1 also shows that [OH ~] showing the 
maximum rate is nearly independent of {substr- 
ate|. Further this has been verified experimentally. 
In separate set of experiments with the [catalyst] 
twice or thrice that of concentration used in Fi- 
gure 1, the [OH | producing the maximum rate 
remained unchanged. 
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Osmium( VIII) oxidation of Cr(III) ina 
to follow the rate law, 


— d{Os(VIII)},/dt= kK,[Os(VID)h (Cr(IN)},/(1 + K2{OH“};) : 
the equilibrium formation constant of the species 


The constants K, and k respectively represent 


OsO.(OH)?~ in the step OsO (OH)3~ +OH™ = OsO; : 
citi : : ); as Cr(III) species is known to occur predominantly in al- 


K, and kare 7.5+0.4 dm? mol~! and 83.3 + 2.0 dm?’ mol” 
s~', the main active species being OsO,(OH)*~ and Cr(OH),; . 


OsO.(OH)>~ + Cr(OH); interaction (Cr(OH 
kaline medium). The experimental values of 


The amphoteric nature of Cr(III) in basic medium 
has recently been shown! to be due to the predom- 
inance of Cr(OH); and not Cr(OH)2~. The exist- 
ence of Cr(OH); was also supported by the kinetic 
evidence gathered during oxidation of Cr(IIl) by 
hexacyanoferrate(III) in alkaline medium’. The re- 
dox potentials of Os(VI)/Os(VIII) (—0.30V) and 
Cr(III)/Cr(VI) (+0.13V) couples in alkaline medi- 
um show that Os(VIII) should be able to oxidise 
Cr(l) in such a medium. Preliminary studies 
showed that such a reaction is amenable to kinetic 
investigation and hence the title study. 


Materials and Methods 

Reagent grade chemicals and doubly distilled wa- 
ter were used throughout. Osmium tetroxide (John- 
son Mathey) was dissolved in 0.50 mol dm? sodi- 
um hydroxide and the solution standardised by 
adding excess standard hexacyanoferrate(II) in 1.0 
mol dm~? hydrochloric acid to it and, by titrating 
the unreacted hexacyanoferrate(II) after 1 hr, with 
Ce(IV) using ferroin as an indicator. The Cr(III) so- 
lution was obtained by dissolving the double salt, 
Cr,(SO,),;*K,SO,°24H,O (BDH) in water. The ac- 
tual [Cr(III)] was estimated by oxidising it to Cr(VI1) 
with persulphate in the presence of Ag(I), the Cr( VI) 
being titrated with iron(II). Chromium(V1) solution 
was made by dissolving potassium dichromate 
(BDH, AR) in water. Osmium(VI) solution was ob- 
tained by mixing equivalent concentrations of 
Cr(II) and Os(VIII) in 0.50 mol dm~* sodium hy- 
droxide. Sodium perchlorate and sodium hydroxide 
were used to adjust the ionic strength and alkalinity 
in reaction solutions respectively. All solutions were 
always prepared afresh for each kinetic run. 


158 


(VIII) oxidation of chromium(III) 


990; revised 27 August 1990; accep 
q. alkaline medium ((OH~ | 20.20 mol dm~3) at 24°C is found 


in aqueous alkaline medium 


ted 22 October 1990 


(OH)3~ +H,O and _ rate constant of 


Kinetic run—The reaction was followed spectro- 

photometrically (Hitachi 150 spectrophotometer) 
under second order conditions at 24° + 0.05°C by 
mixing the reactant solutions which also contained 
the required amounts of sodium hydroxide and so- 
dium perchlorate. The absorbances of the aliquots 
of the reaction mixture were measured in matched 
quartz cells of 1 cm path length at regular time inter- 
vals at 280, 321 and 372 nm, as three of the four 
species, Os(VIII), Os(VI) and Cr(VI) (to the exclu- 
sion of Cr(III) which absorbs in the visible region) 
absorb practically in the entire UV/visible region; 
further no single i,,,, is available for any one of 
these species. The absorption of Cr(III) at these 
three wavelengths was negligible. In view of the 
overlapping absorption regions, the reaction could 
be followed only by recording the absorbances at 
the three wavelengths mentioned above and solv- 
ing’ the sets of triple simultaneous equations with a 
prior knowledge of the relevant molar absorbancy 
indices (€) at the respective wavelengths. The adher- 
ance of Os(VIII), Os(VI) and Cr(VI) to Beer’s law 
had been individually tested at the above three 
wavelengths in the concentration range of 
5.0 10°° to 5.0x10~* mol dm~* in 0.20 mol 
dm * sodium hydroxide (Table 1). Initial rates were 
measured by the plane mirror method and were re- be 
producible within 10%. In the case of Os(VIII) spe- 
cies, the absorbance depended on [OH™]. Cc 
quently, the molar absorbancy index (e) had : 
evaluated for each [OH] in the reaction by at 
the application of Beer’s law at the thre 
lengths (Table 2), No such depender 

was observed in the case of Os(VI) 

Kinetic runs at pH > 12 gave ss 


SS Aaa, 


q 


ee 
Table !—Molar absorbancy indices* for Os(VIII), Cr VI) and 
Os( V1) at different wavelengths in 0.20 mol dm- *NaOH 


a ee ae vr 


' Species 2380 nm 321 nm 372 nm 
Os VIET) 1550 2190 1270 
; CrV1) 3300 300 4670 

Os( VI) 960 720 320 


*Molar absorbancy indices (¢) agreed within + 1.5% 


soeeoeehteeen neem 


Table 2—Molar absorbancy indices* for Os( VIII) at different 
wavelengths at different {OH - | 


{OH | 0.02 0.04 008 0.10 0.20 030 
mol dm 

372 nm 800 920 1050 1090 1270 1370 

321 nm 1640 1930 2045 2060 2190 2190 

280 nm 1550 61550 1550 1550 1550 1550 


“Molar absorbancy indices (¢ ) agreed within + 1.5% 


However, when [OH ~ |< 0.020 mol dm~>, the reac- 
tion mixture tended to become turbid presumably 
due to precipitation of Cr(OH),; hence the study 
was restricted to runs under conditions of pH > 12. 
‘Tt was found that this reaction can be carried out in 
all glass vessels, quartz vessels or polyacrylate ves- 
sels with no significant variation in the results. The 
oxygen also had no influence on the re- 


ie Cr 4 j 
nt ~ . 
a 


" Re : eactic nN mixtures c ‘dif- 
‘VIL and [Cr(III)] and fixed [OH] of 
were k en eC and 


. bab er on 
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Table 3—Effect of |Os( VIII) |, [Cr(1)| and OH } on Osi VIII) 
Cr(Ill) reaction at 24°C and /=0.30 mol dm ~? 


(Crifll)| x 10% {Os(VII1)) x 10 (OH~}| (Initial rate) x 10° 
mol dm ~* mol dm~ * mol mol dm~*s~! 
dm-* Expt. Calc.* 
0.50 2.25 0.20 0.55 0.56 
0.80 2.25 0.20 0.86 0.89 
1.00 2.25 0.20 1.20 1.15 
1.50 2.25 0.20 1.66 1.68 
3.00 2.25 0.20 3.10 3.37 
5.00 2.25 0.20 5.35 5.62 
1.50 0.25 0.20 0.24 0.19 
1.50 0.50 0.20 0.44 0.38 
1.50 0.65 0.20 0.53 0.49 
1.50 0.70 0.20 0.59 0.53 
1.50 0.90 0.20 0.74 0.67 
1.50 1.60 0.20 1.33 1.20 
1.50 “E25 0.20 1.66 1.68 
1.50 2.25 0.02 0.36 0.37 
1.50 2.25 0.04 0.60 0.64 
1.50 pame he 0.08 1.00 1.05 
1.50 225 0.10 1.26 1.21 
1.50 2.25 0.20 1.66 1.68 
1,50 Pa an) 0.30 2.10 1.96 


‘Initial rates were calculated from Eq. (3) using K, and k as 
7.5 +0.4 dm’ mol”! and 83.3 + 2.0 dm? mol~! s~! respectively. 


fixed [Os(VII)] and {Cr(II1)] and /=0.30 mol dm-? 
(Table 3) and the order in all ] was found to Beis: ~ 
0.60. ee 
Effect of added products and ionic strength—In- 
itial addition of products, Cr(VI) and Os(VI) be- 
tween 3.0 x 10-5 and 3.0 x 10>4 mol dm~3, 
[Os(VIII)} and {Cr(III)] and ionic strength fied, did 
not have any significant effect on the 


rate increased from 1.66 10-* to 2.50% Q-6 
dm-?.s! TOr } 
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Eqs (1) and (2) with equilibrium constants of K, and 
K, having the values of (24 and 6.8 dm” mol‘ re- 
spectively’. 
OsO,(OH),~ +OH™ = OsO,(OH)s i H,O K, aii 8) 
OsO,(OH)3- +OH~ @OsO,(OH)3~ +H,O K3...(2) 
It is seen that a_ progressive increase in 
[OsO,(OH)3~] and [OsO,(OH)?~] occurs with in- 
crease in [OH "| and, at [OH ~] of 0.20 mol dm “3, 
used in this study, virtually all Os(VIII) is present as 
OsO,(OH)3~ and OsO,(OH}-. Indeed, 
[OsO,(OH)? ~] may be calculated on the basis of K; 
and K, to be about 20% at an [OH “] of 0.020 mol 
dm ~ when total [Os(VIII)]= 2.25 x10~+ mol dm~3, 
and over 90% of the total [Os(VIII)] when [OH ~] is 
0.20 mol dm ~*. It is also found that the absorbance 
of Os( VIII) does become almost constant beyond an 
[OH “| of around 0.15 mol dm~3 indicating the pre- 
dominance of one species, presumably OsO, 
(OH)*~. Because of this reason and the fact that the 
initial rate is a function of [OH ~] with fractional or- 
der in [OH ], the main oxidant species is likely to 
be OsO,(OH)*~ and its formation in the equilibri- 
um (2) is of importance in the reaction. As for the re- 
ductant, Cr(III), the forms CrOH?*, Cr(OH);, 
Cr(OH); and Cr(OH); besides polymeric species 
are known in basic solutions!. In acid medium, 
CrOH** and Cr(OH)} exist and, between PH 7 and 
10, Cr(OH), in colloidal form is known. The am- 
photerism of Cr(III) is due to formation of Cr(OH A 
and this is the form in which almost the entire dis- 
solved Cr(III) exists! above PH 12 under the condi- 
tions employed in this reaction. The absorption 
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Fig. 1—Verification of rate law (3) ((c 150% 10 
[Os(VIII)}= 2.25 x 10-4, ;= 0.30 a a a 
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spectra of Cr(III) in the aqueous medium in the visi- 
ble region in the presence and absence of OH were 
all similar except that some hyperchromicity is 
found in the spectrum in the presence of alkali. A 
mechanism in terms of OsO,(OH)*~ and Cr(OH), 
can account for the experimental results as in 
Scheme 1 where Os(VIII) species, formed in a 
preequilibrium step (i), interacts with the Cr(III) spe- 
cies in a slow step (ii) (see Scheme 1). Scheme 1 
leads to rate law (3) where K, and k represent the 
formation constant of OsO,(OH)?~ (step i) and the 
rate constant of 
K 


OsO,(OH); +OH™ = OsO,(OH)’ +H,O ... (i) 


OsO.(OH)3~ + Cr(OH);-* OsO.(OH)*” + Cr(OH), 
(or Os(VII) + Cr(IV)) ...(ii) 


Os(VIII) + Cr(IV) “8 Os(VII) + Cr'V) ees ; 


Os(VIII) + Cr(V) “8 os(vit) + Cx(VI) SG) 
Os(VIl) + Cr(OH), “S Os(V1) + Cr(IV) ete reek GVA 
Scheme 1 


the slow step (ii). In Eq. (3), the denominator must 
also contain the factor (1 + K > [Os(VIIL)},] which is ; 
left out since 


~4OS(VI)}y _ KK[Os(VINI)}{Cr(U) {OH}, 
4 Ag eatnneas 


it approximates to unity. It 
Os( VIII) oxidation of Cr(II) ( 
in single equivalent steps givir species 
as Os(VII) and Cr(IV). The one equnoine 
written in Scheme 1 are in agreement with 
that single electron transfer steps are more | 
than others. Intervention of oxidation st 
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Such a plot is shown in Fig. 1 with K,=7.5+0.4 Cr(OH); (coupled with the high value of k) indicate 
dm? mol~'(K,=6.8 dm? mol”! at 50°C from earli- that the oxidation presumably occurs by an inner 


er work*) and k= 83.3+2.0dm’ mol~'s~!.Theva- sphere mechanism. This conclusion is supported by 

lues of K, and k were further used to calculate rates the results of earlier work*”. 

for several experimental situations. Rates calculated 

in this way have been found to be comparable with pt 

the experimentally measured rates. The marginal in- 

crease in rate with increase in ionic strength is as ex-__! cane Be Saas B M & Moore D A, Inorg Chem, 26 
qualitatively from the mechanism of 


: ; 2 Tuwar S M, Nandibewoor S$ T & Raju J R, Trans met Chem, 
1 where ions of like charge interact in the 1990 (In press). 


rate-determining steps. 3 Vogel A I, Textbook of quantitative inorganic analysis (ELBS, 
“sy tatbige <2 7 “ss . “+ Longman, New York) (1978) p. 763. 
__It was also found that added ions like Fate 4 Bhatt L, Sharma P D & Gupta Y K, Indian J Chem, 23A 
- & ¥ een on the reaction. These (1984) 60, 
the fact that the species of Os(VIII) and — 5 swinehart JH, J inorg nucl Chem, 27 (1967) 2313. 
_ medium are HOOsO; and _ 6 Lancaster JM & Murray RS, J chem Soc(A)(1971) 2755. 
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Purely o donor bidentate chelate diamine complexes of 
[Ru Cp(EPh;).(N — N)]Y, where Cp=( ’-CsHs ); E=P.As, Sb; 
propane, |,3-diaminopropane, |,6-diaminohexane, | 


the type (RuCp(EPh;)(N -N)JY and 
N —N =ethylenediamine, 1,2-diamino- 
,2-phenylenediamine, and dimethylglyoxime; Y= 


BF, , PF; , BPh; have been synthesised. These complexes have been characterised, using microanalyti- 
gs > 


cal data, conductance measurements and spectral ( 


The half sandwich complexes of the type 
[RuCp(EPh,),Cl] (where Cp=(n°-—C.H;), and 
E =P. As, Sb) are common precursors to synthesise 
their various substituted products'. Thus these com- 
" plexes undergo a variety of interesting reactions, but 
most of the previous work includes the stabilization 
of the low oxidation state of ruthenium(II) by strong 
a-acid ligands? ~"'. 

The published literature lacks substitution reac- 
tions using bidentate chelating strong o donor li- 
gands having no z-acid capabilities. This observa- 
tion has led us to probe into the substitution reac- 
tions of these complexes using a,w-diamines as sub- 
stituents. As a follow up of our previous work, We 
report herein the reactions of [RuCp(EPh,),Cl] with 
ethylenediamine (en), 1,2-diaminopropane(1,2- 
dap), 1,3-diaminopropane (1,3-dap), 1,6-diamino- 
hexane(1,6-dah), ortho-phenylenediamine (1,2 dab) 
and dimethylglyoxime (dmg H,). 


Materials and Methods 

Literature methods'’~ '* were used to synthesize 
the complexes of the type [RuCp(EPh,),Cl]. Liquid 
diamines were distilled before use. 1,6-Diamino- 
hexane, 1,2-phenylenediamine and dimethyl- 
glyoxime were chemically pure. Various solvents 
were of AR grade and used as received. 

The physicochemical measurements on the com- 
plexes (melting points, IR, electronic and PMR 
spectra were carried out as described elsewhere!?, 


The typical procedures to isolate the complexes 
are as follows: 


(A) Preparation of chloride salts of 
[ RuCp EPh,)(diamine)\* cation 
Diamine (0.4 to 0.8 mmole) was refluxed with a 


*Present address: Department of Chemi 
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‘IR, NMR, and UV-Visible) methods. 


suspension of [RuCp(EPh,),Cl] (0.2 mmole) in 
methanol (25 ml) for one and a half hr. A yellow so- 
lution resulted which was concentrated to 2-3 ml 
under reduced pressure, filtered through neutral al- 
umina (deactivated by methanol) column (1 cm in 
length). The eluate was collected, which was sub- 
sequently used to isolate the complexes (vide supra). 


(B) Preparation of chloride salts of 
[RuCp( EPh,)(diamine)|* cations 


Diamine (0.4-0.8 mmole) was stirred with 
[RuCp(EPh,),Cl] (0.2 mmole) in methanol (25 ml) 
for 6-8 hr. Solvent was removed under suction from 
the reaction mixture and the reduced volume was 
filtered through neutral alumina (deactivated by 
methanol) column (1 cm in length). The salts of the 
complex were obtained from the filtrate. . 


The tetraphenylborate salts of the complexes 
were obtained by adding concentrated methanolic 
solution of NaBPh, to the concentrated solution of 
chloride complexes obtained from procedures A 
and B. Yellow precipitate was formed immediately 
which was separated by filtration, washed with 
methanol followed by ether and dried under re- 
duced pressure over CaCl,. It was recrystallized 
from CH,Cl,/petroleum ether. 

PF, and BF; salts do not separate out easily. 
They were obtained by adding a few drops of meth- 
anolic solutions of their sodium salts to the solutions 
of cationic complexes and removing the solvent un- 
der reduced pressure to obtain dry residue. It was 
extracted with dichloromethane and recrystallized 
by adding excess of petroleum ether. Precipitate was 
filtered and dried in vacuo over CaCl. 


‘Filtration through methanol deactivated neutral almina was ne- 
cessary to remove certain suspended white particles from the 


complex solution. 
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(C) Preparation of | RuCp\ EPh,)(dmgH) complexes 
(RuCp(Eph,),Cl) (0.1 mmole) and dimethylglyox- 
ime (0.02 g; 0.2 mmole) in methanol (25 ml) was ref- 
___ luxed in the presence of sodium acetate (().2 g). The 
_- Feaction mixture was concentrated. cooled, the yel- 
| low solid filtered off, washed with methanol, fol- 
lowed by ether and dried in vacuo over C aCl.,. 


Results and Discussion 

Treatment of chlorocomplexes {RuC p(EPh,),Cl| 
with a very large excess of diamines in methanol. 
‘both at room temperature and under refluxing con- 
ditions resulted in the formation of yellow diamine 
___- €ationic complexes by rapid displacement of one of 
the bulky EPh, groups and the chloride ion in more 
than 50% yield. Their microanalytical data, melting 
points and the empirical formulae are listed in Table 
1. All the complexes are stable in air at room tem- 
perature in solid state and are highly soluble in or- 
ganic polar solvents like, CH,Cl,, CHCl,, acetone, 
DMF, etc. However, the tetraphenyl borate salts are 
only sparingly soluble in methanol and ethanol. 

The molar conductivities (AM) of their hexafluor- 
ophosphate salts (1 x 10°+ molar solutions) were 
found to be in the range of 145+ 5 Q-'cm?mol~'. 
This is well within the range for 1:1 electrolytes". 
The complexes 55-57 shown in Table 1 have molar 

inces of around 622° 'cm’mol”! under 
ict oomshicns, indicating their nonelectrolytic 
The reaction of ethylenediamine, 1,2-diamino- 
propane and 1,2-phenylenediamine were smooth. 
These behaved as bidentate oe —_ - 
placing Cl and one EPh, from (RuCp(EPh,),Cl} in 
methanol by both the methods (A) and (B). 1,3-Di- 

_ aminopropane behaved as a bidentate ligand under 

om d (A) but under method (B) it gave a mixture 
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of chloride ion with subsequent attachment of dia- 
mine molecule. | ,6-Diaminohexane did not ser e as 
a bidentate ligand in its reactions with 
(RuCp(EPh,).Cl| even after surring upto 16 hr 
method B). 

Formation of hydrido derivative, 
‘RuCp(EPh,),H}* has been frequently encountered 
as a parallel side reaction when the diamines and 
precursor complex are taken in 1:1 molar ratio. It is 
well documented'* that when alcohols which con- 
tain a-hydrogen are used as reaction medium for 
(RuCp(EPh,),Cl), bases catalyse formation of hy- 
dride complexes. However, this side reaction is 
completely suppressed when the diamine is taken in 
excess amount, yielding exclusively diamine substi- 
tution products. Under these conditions amines di- 
rectly displaces solvent (alcohol) molecule from the 
solvated cation of the precursor complex rather 
than abstracting proton and facilitating-hydrogen 
migration to give hydrides. Since the corresponding 
hydride complexes do not undergo substitution 
reaction by diamine, under similar conditions the 
possibility of the derivative as the intermediate is 
ruled out. 


IR spectra 

The IR and the PMR spectral data of the repre- 
sentative complexes are listed in Table 2. In their IR 
spectra all the complexes exhibited two absorption 
bands in the vN —H, viz v,(NH) and y,(NH) in the 
region of 3250-3350 cm '. The absorption bands 
characteristic of cyclopentadienyl, EPh, and coun- 
ter anions dominate the rest of the IR spectrum. 

oi 

'H NMR spectra sales ete ae 

As expected, all complexes contained only onc 
signal corresponding to cyclopentadienyl protons. 
Coordinated REN sedis a2: deshielded'” 
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Table 1 —Microanalytical data 


Complex 


1. [RuCp(PPh, )(en)] (P. 

2. [RuCp(PPh,)(en)] (P 

3. [RuCp(PPh, )(e a i) 

4. [RuCp(AsPh,)(en)]| (BF,) 

5. [RuCp(AsPh,)(en)] (PF,) 

6. [RuCp(AsPh,)(en)] (BPh,) 

7. [RuCp(SbPh; )(en)] (BF,) 

8. [RuCp(SbPh,)(en)] (PF, ) 

9. [RuCp(SbPh,)(en)} (BPh,) 

10. [RuCp(PPh,)(1,2-dap)] (BF,) 
11. [RuCp(PPh,)(1,2-dap)] (PF,) 
. [RuCp(PPh,)(1,2-dap)] (BPh,) 
13. [RuCp(AsPh,)(1,2-dap)] (BF,) 
14. [RuCp(AsPh,)( 1,2-dap)] (PF,) 
15. [RuCp(AsPh,)(1,2-dap)] (BPh,) 
16. [RuCp(SbPh,)( 1,2-dap)] (BF,) 
17. [RuCp(SbPh,)( 1,2-dap)] (PF,) 
18. {RuCp(SbPh,)(1,2-dap)] (BPh,) 
19. [RuCp(PPh,)(1,3-dap)] (BF,) 
20. [RuCp(PPh,)(1,3-dap)] (PF,) 
21. [RuCp(PPh,)(1,3-dap)] (BPh,) 
22. .[RuCp(AsPh, )( 1,3-dap)] (BF,) 
Re [RuCp(AsPh,)(1,3-dap)] (PF,) 
bee ae ,3-dap)] (BP h,) 
uCp| Secreta 
‘1,3-dap)] (PF,) 
ae ‘cps emus (BPh,) 


Nd 


11k. 07581 
2 a iyhShiee 
he Liye 


Ss 


52.41(52.17) 
47.70(47.39) 
72.69(72.86) 
48.73(48.47) 
46.60(46.31) 
69,31(69.10) 
44.87(45.05) 
41.71(41.44) 
65.65(65.48) 
53.23(52.97) 
48.50(48.22) 
73.33(73.08) 
49.11(49.29) 
45.33(45.15) 
69.21(69.36) 
45.97(45.88) 


42.43(42.28) 


65.62(65.79) 
53.16(52.97) 
48.37(48.22) 
73.22(73.08) 


49.15(49.29) 


45.02(45.15) 


69.48(69.36) 
45.97(45.88) 


42.41(42.28) 


Found (calc), % 


H 


5.01(4.87) 
4.66(4.42) 
5.87(5.95) 
4.71(4.52) 
4.08(4.14) 


5.69(5.64) 


4.41(4.20) 
3.67(3.87) 
5.44(5.35) 
5.20(5.09) 
4.47(4.64) 
6.23(6.09) 
4.87(4.74) 
4.47(4,34) 


5.83(5.78) 
4.55(4.41) _ 


3.98(4.07) 
5.62(5.48) 


~ -§.21(5.09) 


4. dese se 
6.00(6.09) 


4.89(4.74) iid lial 
421430 


N 


5.10(4.87) 
4.72(4.42) 
3.59(3.47) 
4.43(4.52) 
4.08(4.14) 
3.22(3.29) 
4.32(4.20). 
3.84(3.87) 
3.23(3.12) 
4.64(4.75) 
bites sh 


. 3.50(3.41) 


4.56(4. 42) 
4.20(4.05) 
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Table 1—Microanalytical data— Contd. 


Complex 


Found (calc), % 
¢ H N 
51. [RuCp(AsPh, )(dmgH,)| (BPh,) 67.41(67.48) §.23(5.29) 3.05(3.09) 
52. [RuCp(SbPh,)(dmgH, )| (BF,) 44.75(44.89) 3.79(3.88) 3.81(3.88) 
53. |[RuCp(SbPh, )(dmgH, )| (PF,) 41.67(41.55) ) 3.63(3.59) 
54. |[RuCp(SbPh,)(dmgH,)| (BPh,) 64.03(64.17) 5. 03) 2.87(2.94) 
55. {RuCp(PPh,)(dmgH)| 210 $9.83(59.67) 4.97) 5.20(5.16) 
56. [RuCp(AsPh,)(dmgH)| 211 5§5.12(55.20) 4.60) 4.76(4.77) 
57. [RbCp(SbPh,)(dmgH)| 213 $1.08(51.12) 6) 4.57(4.42) 


Colour of the compound No., 37-45 yellowish green, the rest, bright yellow 


Table 2—IR and 'H NMR spectral assignments of some selected complexes 
Complex. IR 'H NMR (6/PPM) 
Vx —H 
Hep H(-—NH,) H(diamine skelton) 


(RuCp(PPh, \en)|(PF,) a es 2.8 
{RuCp(PPh,)(1.2 dap)|(PF,) | 1.1(CH,) 2.4-2.8 


{RuCp(PPh,)(1.3 dap)|(PF,) 2 4.4 2.1(8H,NH,and = 2.8(2H, Middle-CH, — ) 


terminal CH,) 
4.2 1.9(2H) 1.4, 1,55(8H) 
2.5(4H-terminal CH,) 
4.4 3.9 | 
5.0 — . 2.1(CH;) 
470 .— cases anni 
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‘th alkyl (methyl, ethyl and dimethyl! | 
ne aT < "of all the complexes exhibit small quadrupole doublet with 


been synthesized, Mossbauer spectra 


) and phenyl substituted malonic acids have 


AE, = 0.43-0.84 mm s~ | _Isomer shift (6) values are in the range 0.62-0.76 mm s~! (w.r. to oe eA 
ting iron(II) to be in high spin state. This assertion is further supported by magnetic moment ey =: Bes 
ture of alkyl group does seem to affect the electron density at the iron nucleus. Infrared spectral studies 
indicate monodentate nature of the carboxylate group which leads to tris type chelate complexes in all 
cases except in the case of malonic acid where diaquobis (malonato)ferrate(III) is formed. There 
metric (TGA) data show two-stage decomposition; first two ligand molecules are lost at 120°C and finally 
Fe,O, is formed at 230°C. This is supported by Mossbauer spectral evidence. 


Unique bonding characteristics of carboxylate ion 

O 

I 
(—C-—O)-depend primarily on the nature of the 
metal ion, alkyl group attached to the carboxylate 
ion and the reaction conditions'*. Recent studies 
have indicated the formation of hexa-, tris- and bis- 
type of carboxylate complexes by mono-, di- and tri- 
carboxylic acids respectively. Extensive Mossbauer 
and infrared spectroscopic studies and thermal de- 
composition behaviour of these complexes have 
been reported in the literature*'”. In a recent study 
- Randhawa ef al.’ have studied thermal decomposi- 
tion of magnesium tris(malonato)ferrate(II1) deca- 
hydrate and identified MgFe,O, as a product. 


Amongst various carboxylate ligands, malonate 
seems to behave in a peculiar manner as it can form 
either a simple salt’ or tris type of complexes” de- 
pending on whether iron powder or ferric nitrate is 
treated with the aqueous solution of the acid and its 
sodium salt respectively. In this paper we report 
synthesis of iron(III) complexes with alkyl (methyl, 
dimethyl and ethyl) and phenyl substituted malonic 
acids and their Mossbauer and infrared spectros- 
copic studies. We have also studied the thermal de- 
composition behaviour of the complexes. 


Materials and Methods 

All the chemicals used were of AR or GR prade 
(Aldrich USA or Fluka, Switzerland). The pines 
plexes were prepared by mixing 0.56 g of iron pow- 
der (electrolytic grade; S. Merck) in a warm aqueous 
solution of the carboxylic acid (0.03 M). Evolution 
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of gas started which ceased at the end of the reac- 
tion. Later, the solution was digested on a water 
bath for about 2 hr so as to complete the reaction. 
After digestion, the solution was filtered and kept 
overnight when coloured crystals of the complexes 
were obtained. These were separated from the 
mother liquor and dried in vacuo over fused CaCl,. 
Compositions of the complexes were determined 
from C, H and Fe analyses (Table 1). Fe was deter- 
mined spectrophotometrically using 1,10-phenan- 
throline. 


Mossbauer spectra were recorded using a con- 
stant acceleration transducer driven Mossbauer 
spectrometer in conjunction with a PC based 1K 
Multichannel Analyzer (Nucleonix, Hyderabad). A 
5 mCi *’Co(Rh) source (obtained from BARC, 
Bombay) was used. All the spectra were recorded at 
room temperature and were visually fitted with Lor- 
entzian line shape. The spectrometer was calibrated 
using natural iron foil and recrystallised sodium — 
pentacyanonitrosylferrate(II) dihydrate (SNP) as the 
standard. For recording Mossbauer spectra of ther- 
mal decomposition products, the compounds were 
heated at 150, 200 and 400°C for 4 hr in a muffle 
furnace and cooled at room temperature. 

Reflectance spectra were recorded using a Shi- 
madzu model UV-240 spectrophotometer employ- 
ing MgO as the reference. Infrared spectra (4000- 
200 cm~') in KBr medium were recorded on a Pye- 
Unicam IR spectrophotometer. Differential thermal 
analysis (DTA )and thermogravimetric analysis(TGA) 
were carried out at neating rates of 20° and 10°C per : 
min respectively employing a Perkin-Elmer Ther- 2 
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RR a ae 
Table 1 — Analytical data of the complexes of various substituted malonic acids 


Colour Found (calc. ), % 


Fe ec 


1 H|Feam)|cu. 22H.0 }1.0 Light green 17.02 22.35 
(17.78) (22.85) 


H,|Fetn|cH, 21.0 *H,O (17.72) (22.78) 


2 Na,|Fe [cu.< Light green 
3 Hy [Fe(cH.cH Grey 


4H |relicr Middle buff 
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boxylato ferrate(III) complexes 


Table 2—Mossbauer spectral and magnetic data for various car 


Mossbauer parameters Het 
Complex (BM) 
Isomer shift* Quadrupole 
(6),mms_! splitting** 
(AE ),mm s~! 
1 a Hydrogen diaquobis(malonato) 0.62 0.83 5.40 
ferrate(III) monohydrate 
1 b Hydrogen diaquobis(malonato) 
ferrate(II) monohydrate 1.58 2.76 
2 Sodium tris(malonato)ferrate(TT) 
trihydrate 0.69 0.58 5.64 
3 Hydrogen tris(methylmalonato) 
ferrate(III) 0.75 0.64 5.44 
4 Hydrogen tris(dimethylmalonato) , * 
ferrate(III) 0.64 0.43 S7* — 
5 Hydrogen tris(ethylmalonato) 
ferrate(III) 0.76 0.62 5.35 
6 Hydrogen tris(phenylmalonato) 
ferrate(III) monohydrate 0.66 0.63 5.65 


*Relative to SNP as a standard. 
* Error within + 0.02 mms~!. 


doublet except in the case of malona 


Fe(IL) A ; 
where a three line spectrum was, 
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of behaviour has been observed earlier for mono- 
: 3 100-0 
- carboxylatoferrate (III) complexes’. Quadrupole TGA 
splitting also varies in a large range (AE, =(.43- 
0.83 mm s~') indicating varying distortion depend- 
ing upon the nature of alkyl group'*. Surprisingly 
hydrogen tris(dimethylmalonato)ferrate (111) com- 
plex exhibits the minimum AE, value of 0.43 mm 
s-'; it also exhibits a lower 6 value. AE. for this 
complex is lower than even that for sodium tris(mal- 
onato)ferrate(III) trihydrate complex. Presumably, 
in this case two methyl! groups do not allow the chel- 
ate ring to oscillate like a swing but instead keep it 
tight enough so as to cause the minimum distortion. 0-0 
In other cases, however, distortion increases be- 
coming maximum for — diaquobis(malona- 
to)ferrate(III) complex. For diaquobis(malona- 
to)ferrate(Il) complexes, high value of quadrupole 
splitting, (AE. = 2.76 mm s~') is due to high spin 
state of Fe(II) (electronic configuration, t€) which 
_ compares well with 2.68 mm s~' observed by Ravi 
et al.’ Probably malonic acids with more bulky 
groups as substituents need to be further investigat- 
ed to understand this aspect. 

Earlier we had observed a single broad line spec- 
trum’, resolved into a doublet, for the sodium 


° 
10C/ min 


dw 
OG a 


WEIGHT ,°/, 
3 
J 


} tee .; 


Diff. Temp, aT 


é )ferrate (III) trihydrate complex, a 
_Na,[Fe(CH,(COO),},].3H,0 with AE, =0.58 mm 40 80 120 160 200 320360 200 
_s- |. Bassi er al.'* had observed a single line spec- TEMPERATURE, C 


trum with [ =1.08-1 -1 | . 

a with r = hil encleae Fig. 2—TGA, DTG, and DTA plots of hydrogen tris(ethylmalo- . 
q seem jepemed: eo) Wen -67* and nato )ferrate (III) complex. 

_ AE_=2.68 mms“! for ferrous malonate dihydrate aah ti ih. 
salt, Fe(CH,C,O,),.2H,O. Therefore, in the Méss-_ tes!”2°. In alll the dicarboxylate complexes studied 
—_—s er spectrum of hydrogen diaquobis(malona- here A v values (170-230 cm ') are higher than that 
e(ILI , the e- for sodium acetate (164 cm~') which is purely ionic. — 
This indicates unidentate nature of all the substitut- 


_ = gi oe : 
ee — ‘ 


ed malonate ligands. eatos Aaah 


ee 9 meat & eek 2 8 comtag® + enTenpeinG made in -siaplc cue arate. 
a 7 —_ate!'°. In the present study, it is observed that ¥,,_ 
ud origi 7 7. ~ ean a i | a < —s » ~ - n ¥ rw 2 
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Relative Intensity 


"0 -8 -6 -4 7-2 0 2 4 6 8 0 
Velocity, mms” 


Fig. 3—Mossbauer spectrum of hydrogen tris(dimethylmalo- 
nato jferrate (III) complex heated at 400°C for 4 hr. 


vc —©O). vy: (C=C) (C —C) and v(C — H) modes 
observed in the range 1090-1040, 1230-1170, 950- 
880 and 3000-2960 cm ™! respectively, are in 


agreement with those reported in the literature-*~7. 


Thermal decomposition 

Thermal decomposition of iron carboxylates has 
been of interest to many workers?>* because of the 
wide applicability of these carboxylates as medicinal 
agents, catalysts etc. In all the present cases, decom- 
position behaviour seems to be similar; all the com- 
plexes decompose in two stages. The TGA, DTG 
and DTA curves obtained for hydrogen tris(ethyl- 
malonato)ferrate(III) complex are shown in F ig. 2 as 
a typical case. There are significant mass losses first 
at 180°C and then at 230°C. The mass loss at 230°C 
corresponds to the formation of Fe,O, in all the 
cases and there is no further mass loss beyond this 
temperature. In order to confirm the formation of 
Fe,O,, complexes were heated at 400°C for 4 hr 
and their Mossbauer spectra were recorded. A typi- 
cal six line spectrum obtained for the end product of 
hydrogen - tris(dimethylmalonato)ferrate( Ill) is 
shown in Fig. 3. It gives an isomer shift of 0.67 mm 
s_' which compares well with 0.63 mm s_! for a- 


> ;. However, first mass loss at 180°C corre- 


sponds to the loss of two carboxylate ligands in each 
case. Vithal and Jagannathan® have proposed loss of 
one ligand molecule in the thermal decomposition 
of maleato complex. Somewhat similar observation 
has been reported by Saha and Mitra’’ for several 
Se a The fore, the possible me- 


230°C 


2{Fe{(COO),CHR}OH] Fe,0,+4CO, be, 

Abras eral’ have studied the thermal decompo- 
sition of potassium tris(malonato)ferrate(III) tri- 
hydrate and suggested the formation of a-Fe,O, 
and K,CO,. When the corresponding sodium com- 
pound was heated at 200°C for 4 hr it still gave a 
two line spectrum with AE, = 0.77 mm s~ s On fur- 
ther heating at 400°C for 4 hr, it exhibited a six line 
spectrum with 6=0.75 mm s_!. Thus, the forma- 
tion of a-Fe,O, in all the cases is confirmed. In the 
case of DTA, two peaks are observed, one endoth- 
ermic at 150°C and another flat, broad exothermic — 
peak at 230°C. At 150°C, it may possibly involve 
melting whence two carboxylate ligands escape and 
later it undergoes oxidative decomposition. Rand- 
hawa er al.’ have also observed endothermic and ex- 
othermic peaks for magnesium tris(malonato)ferr- 
ate(III) decahydrate. Thus, basically there seems to 
be a two step decomposition ultimately yielding 
Fe,O, as the final product. 
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erature fluorination with elemental fluorine of elemental phosphorus, sulphur, silicon, 
pec and phosphorus trichloride, phosphorus pentoxide, triphenylphosphine, hexaflu- 
orodisilane, hexachlorodisilane, hexabromodisilane, tetrasulphur tetranitride, sulphur dioxide, thionyl 
chloride and sulphuryl chloride has been carried out in freon-11 medium. The corresponding fluoro 
compounds have been isolated in near quantitative yields, purified by low temperature fractional 
condensation and characterised by IR spectroscopy and elemental analysis. 


Low temperature fluorination of non-metal leads 
to a variety of products with variable yields de- 
pending on the temperature of fluorination!~4. 
One mode of controlling the exothermicity of the 
reaction is by diluting fluorine with dry nitrogen 
and/or employing freon as a solvent. Such modes 
of fluorination have stabilised the lower valency 
states of the compounds, e.g., yield of sulphur te- 
trafluoride is maximised under such conditions>. 
It was, therefore, of interest to study the action of 
elemental fluorine on a few non-metals such as 
Phosphorus, sulphur, silicon and amorphous car- 
bon and non-metal compounds such as phospho- 
tus trichloride, phosphorus pentoxide, tripheny]- 
phosphine, hexafluorodisilane, hexachlorodisilane, 
hexabromodisilane, tetrasulphur tetranitride, sul- 
phur dioxide, thionyl chloride and sulphuryl chlo- 
ride at low temperature in freon medium. Alter- 
natively, sulphuryl chloride could be used as a sol- 
vent as it is found not to react with elemental flu- 
Orine at low temperature. The products, the 
corresponding fluorocompounds, have been jiso- 


lated and characterised by IR spectrosco and 
elemental analysis, = 


All the reagents were BDH gs 


hexachlorodisilane’, hexabromo- 


which were 
prepared their purity 
checked by spectral and elemental analyses. The 
solvent freon-11 was obtained from 
Ltd., Bombay, Indi 
tained from Messrs Kali Chemie, We 
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General procedure 


The experimental set up is shown in Fig. 1. A 
small teflon covered magnetic follower was placed 
at the bottom of the tube, T,. Freon (20-30 ml) is 
freshly distilled into the reaction tube and dry ni- 
trogen is flushed. The outlet was connected to 
two empty traps followed by a tower of sodium 
chloride and a bubbler consisting of sodium hy- 
droxide (4N) [These help to destroy unreacted 
fluorine]. When the outgoing gas showed the pres- 
ence of fluorine (tested by moist KI Paper), fresh 
tower and bubbler were introduced. The nitrogen 
stream was allowed for 15 minutes. The reactants 
(non-metal/non-metal compounds) were then in- 
troduced from the top opening and stopcocks fit- 
ted with G-G joints are well closed. The reac- 
tion trap (T,) was now cooled to —80°C to 
—50°C as needed. The next trap (T,) was cooled 
by liquid nitrogen and the tempera ia 
T; was maintained at — 20°C. 
set up for 30 min at desired t 


tres/hr. The mixture of gases was precoolec 
coil which dipped in an alcohol slush bath 1 
tained at —70°C. The cooled gas ent 
reaction zone. The contact with fluori 
Immediate reaction and the reaction tube 
be continuously cooled to ov rcome 1 
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Fig. | — Experimental set up for fluorination using elemental fluorine 


perature of the trap T, was slowly raised to room) cm™'; reported!” 534, 575, 640, 948, 1026 cm! 
emperature as the nitrogen flow was maintained and only very weak absorptions due to phospho- 


nother 30 min. With this operation all the ryl fluoride, POF;, and silicon tetrafluoride, SiF,. 
DUS pI “ts formed were driven off from the In the absence of the solvent, the IR spectrum 
showed absorption bands for the presence of 
phosphoryl fluoride, at 475, 485, 875, 990, 1415 
cm~!; reported"! 473, 485, 873, 990, 1415 cm”', 
silicon tetrafluoride, at 780, 1030, 1060, 1190, 
1295 cm~'; reported'? 780, 1031, 1065, 1191, 
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pour phase. It is thus evident ia 
temperature of reaction either with or wit op 
solvent has not drastically altered the oxidative 
fluorination that phosphorus trichloride’® under- 
oes in the presence of fluorine. However, the ra- 
tio of the products formed are dependent on the 
temperature of fluorination. 


(c) Phosphorus pentoxide (P,O,,) ips 

Since phosphorus pentoxide is a solid it was 
well dispersed in freon-11 (— 80°C) and treated 
with fluorine at a rate of 0.2-0.25 litres/hr for 2 
hr. The solid, P,O,,, was consumed in the course 
of the reaction and formed a gaseous product 
which was identified as phosphoryl fluoride along 
with a small amount of silicon tetrafluoride. A 
very small amount of unidentified polymeric solid 
remained in trap T,. Moissan!’ has observed that 
reaction of phosphorus pentoxide with elemental 
fluorine at room temperature led to both phos- 
phoryl fluoride and phosphorus _pentafluoride. 
However, in the present investigation, formation 
of PF; was not observed. Therefore, it can be sur- 
mised that the mechanism of fluorination involves 
cleavage of P—O-P-— bonds in P,O,, and for- 
mation of POF; which further gets fluorinated at 
room temperature to PF;. The other mode of 
POF, formation is by cleavage of all bonds in 
P,O,, and PF; thus formed further reacting with 
generated O—F species (formed by the reaction 
of cleaved oxygen with fluorine) to form POF;; 
This mode does not occur (as PF; was not ob- 
served) and the primary reaction is itself the clea- 
vage of P-O P—bond such that the P—O bond 
undergoes fluorination to POF + 


(d) Triphenylphosphine ¢,P 

Triphenylphosphine (0.5) was dispersed in fre- 
on-11 (20 ml) and cooled in trap T,. Fluorine ad- 
mixed with nitrogen was Passed at a rate of 0.2 li- 
tre/hr for 2 hr while stirring the contents. After 
removal of residual fluorine, the gaseous compo- 
nent was separated. The IR spectrum of this sam- 
ple indicated the presence of small amount of 
SiF, only. So, the freon-11 in T, was distilled out 
and the remaining solid was dried in vacuo at 
room temperature. The IR spectrum of th 
exhibited peaks at 3100, 1445, 138; 730 cm" 
with the reported!* 
peaks of (C,H,),PF, (ie. at 3000-3200, 150, 
‘em foo of the solid 
as the elemen 
(P= 10.75% and F= 12.71%) ebread Weer tae 


those for difluorotriphenylph 
(C,H,),PF,. Phenylphosphorane 
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This result is very interesting in that at low 
temperature the cleavage of P—C bond does not 
occur and phosphorus is able to undergo oxida- 
tion with the addition of two more fluorine atoms 
to attain the stable +5 oxidation state. This result 
is similar to one reported with milder fluorinating 
reagents such as sulphur tetrafluoride* and tetraf- 
luorohydrazine (N,F,)'’ thereby testifying that ele- 
mental fluorine functions like mild fluorinating 
reagent at low temperature, in low concentration 
and in the presence of a solvent. The overall 
equation for the reaction is 


freon-11 
eat 

Reaction of elemental fluorine with hexahalodisi- 
lanes 

(Si,F,, Si,Cl,, Si,Br,): (a) Direct— Hexahalodisi- 
lane, (1.0-1.5 mmoles), Si,F,, Si,Cl,, Si,Br,, was 
taken in the evacuated trap T, and frozen with 
the coolant liquid nitrogen. An even number of 
moles of elemental fluorine was condensed onto it 
and the two reactants slowly warmed during 2 hr 
to attain room temperature (~ 28°C). Reaction 
was over by this time as seen from the spectral 
data, absence of the IR absorption peaks of Si,F, 
(ref. 20), Si,Cl, (ref. 21) and Si,Br,. 

(b) With solvent— About 3 g of the chloro and 
bromo analogue was dissolved/dispersed in dry 
freon-11 (20 ml) and treated with nitrogen diluted 
fluorine at — 30°C and — 60°C. 

(c) Without solvent— About 3 g of the chloro 
and bromo analogue was spread out on the sides 
of the reaction tube by rolling the tube with the 
solid, and cooled to — 30°C/—60°C and nitrogen 
diluted fluorine (1:5) was Passed over it for 2 hr. 


It is observed that in all the above experiment 
(a-c) the fluorination products for the hexahalo- 
disilanes are the same and only the amount varies. 
The major produt is silicon tetrafluoride indicat- 
ing that Si-—Si bond undergoes easy cleavage 
€ven at low temperature. In the case of the chloro 
analogue, in addition, formation of mixed chloro- 
fluoro silanes also occurs (IR, SiCIF;: obs. 1010, 
880, 590; reported??, 1010, 876, 590 SiCI,F,: obs. 
990, 910, 660; reported? 990, 912, 656 SiCI,F: 
obs. 940, 640, 460; reported2?, 942, 634, 464 
cm~'. Even with dibromohexafh orosilane, the 
first bond to undergo cleavage is the Si—Si bond 
as expected. Formation of mixed bromofluori e 
are re observed (peaks at 600, 830 and - * a 
cm’) along with the completel fluorinated d pro- 
duct SiF,. The other tare ete resent a 
chlorine and ine r . This indicates 
that fluorine attacks these halogens slowly at low 


o,P+F, ?,PF, 


mR oy 


temperature. Even at —76°C the Si—Si bond 
cleavage Occurs in the presence of elemental fluo- 
rine giving rise to silicon tetrafluoride as the ma- 


§ 
| jor product. 


Reaction of elemental fluorine on tetra sulphur te- 
tranitride (S,N,), sulphur dioxide (SO,), thionyl 
chloride (SOCL,) sulphuryl chloride (SO,CL) ele- 
mental sulphur, silicon and amorphous carbon 


(a) Tetrasulphur tetranitride 
_ Direct fluorination of $,N, by passing elemental 
fluorine on solid S,N, results in the rupture of the 
ring and formation of sulphur fluorides and _ ni- 
trogen**. Even fluorine diluted with nitrogen rup- 
tures the ring at room temperature. However, at 
— 78°C in the presence of helium-diluted fluorine, 
formation of trithiazyl trifluoride (S,N,F,) is not- 
ed. Thiazyl fluoride and thiazyl trifluoride are also 
formed at low temperature’. In the present inves- 
tigation it is found that S,N, (0.5 g) suspended in 
freon-11 at — 80°C gives rise to thiadithiazyl dif- 
luoride, S,N,F,, as the major product of fluorina- 
tion. The gaseous products are sulphur dioxide 
and silicon tetrafluoride indicating some reaction 
of the products with glass. The trap T, also con- 
tains a solution with some yellowish green su- 
Spe The freon is distilled off in vacuo and 
haven green solid left in the trap is found 
=: y hygroscopic and soluble in carbon te- 
inten > and chloroform giving a greenish red 
mn. The compound melts around 82°. The 
utic h shows. an intense absorption peak 
corresponding to that reported** for 
ng gto note that S,N,F,, a di- 


! ; PADMA e¢ al: FL UORINATION OF SOME NON-METALS & NON-METAIL ( OMPOUNDS 


(IR: 530, 750, 810 and 1335 cm '. Reported** 
530, 748, 806 and 1333 cm~'), It is interesting to 
note that no mixed halide (chlorofluoride) is 
formed and no oxidation of sulphur in SOCl, IV) 
to VI state occurs with fluorine addition ie. for- 
mation of SO,F, or SOF,. There is only cleavage 
of the S—Cl bond to yield the S—F bond with 
the S-O bond intact as with other mild fluorinat- 
ing reagents~” 


(d) Sulphuryl chloride (SO,CL,) 

Fluorination of neat liquid sulphuryl chloride, 
as well as in freon medium, has been tried at var- 
ious temperatures ranging from —80°, —60°. 
~ 40°, — 20° and 0°C. In both these modes and at 
different temperatures, sulphuryl chloride is not 
attacked by elemental fluorine. This indicates that 
S-O and S—Cl bonds in SO, Cl, are very stable 
at low temperature. Thus, liquid SO,Cl,, is a good 
candidate as solvent for elemental fluorine reac- 
tions and as a replacement for freon. 


(e) Elemental sulphur 

Fluorination of elemental sulphur at (°-5°C in 
freon solvent indicates a 90% conversion to SF, 
in contrast to 90% conversion to SF, (ref. 5) at 
— 76°C. This differential reaction could be used 
to synthesise the respective pure gases. The gases 
can be purified by low temperature fractional 
condensation and identified by their IR spectra. 


(f) Elemental silicon 
Fluorination of elemental silicon at — 70°C in 
freon medium yields only silicon tetrafluoride. 


The reaction is smooth and immediate. No lower 


silicon fluorides are identified in the IR 


spectrum 
of the product gas which exhibits bands of SF, 


ne 
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simple reaction model 
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It is shown that the reaction sequence comprising 
steps (i) and (ii) and undergoing in a continuous flow 
stirred tank reactor generates oscillations (A and B rep- 
resent the concentration of reactant A and intermediate 


B-C oath) 


The reaction (i) is autocatalytic and reaction (ii) obeys 
half-order kinetics. 


The need for ‘a very simple example of a kinetic me- 
chanism’, through which oscillatory reactions can be 
tesa has been reemphasised recently!*. Al- 
though acest scheme’ first put forward in 
d for oscillatory behaviour, it did not 

isendabretiecyeebchaviour characteristic of 
cillating Sediaabop soonest autocatala- 


Notes 


decay of B is assumed. However sustained oscill- 
ations are obtained when Michaelis-Menten type of 
rate law (1) for step (ii) is assumed, ice. 


Rate = KB/(1 + 7B) ee 


where k is the rate constant and r is another con- 
stant, B denotes the concentration of the reactant B 
itself. 


We propose to examine in this paper the conse- 
quences of assuming half order kinetics for step (ii), 
Le. 


Rate = k,B'2 rsarf2) 


Search for simple schemes is desirable for under-. 
standing the basic control of oscillatory behaviour 
and hence the present investigation was undertaken. 
It may be noted that fractional order kinetics is quite 
common in heterogeneous reactions and the rate 
can be expressed by the relation (3) 


Rate=kp" (1>n>0) ee, | 
where k is a constnat, p is the pressure and n de- 
notes the order. Further, n = 1 when the surface is 
sparesely covered while n= 0 when the surface is . 
completely covered. An illustrative example’ is the 
decomposition of arsine on metallic arsenic for 
which n = 0.6. 


Analysis of simple reaction 


According to eae a 0 
amaiciaranilanl: Po if 6 


neg ee 5 


a geal 
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spectively. In dimensionless form, Eqs (6) and (7) 
may be written as: 


OF yx + (1 —x)/te 


dt 


EAS) 


— yMVtres . (9) 


d ns 
Y= xy—y!7/ty + (yp 


dt 

where x = A/Ay; y = B/Ap; Yo = By/Ags t= K,AgT: 
| ee a kK, Ao/k; and t, = k, A3?/k; 

(where t,,, is residence time). 


Computer solution shows that when t,..= © 
(batch reactor condition) or when y, = 0 oscillations 
are not obtained. However for CSTR under certain 
condition sustained oscillations are obtained. 

From Eq. (8), we obtain for the steady state when 


-- (10) 


_ dx 
mete: = when born * 


a 
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Solution of equation (11) gives the steady state 
values of x and y at different values of t,., and t,. Ob- 
viously Eq. (11) will give four roots indicating the 


possibility of multistability. 


Normal mode analysis 


Applying normal mode analysis" the secular equa- _ 


tion (12) is obtained, when yy =0 or yy #0 — 


X, 
(x, — 1/(2y, *ta) 


(art 1 /teit Vx) 
y, er BY [re aes) | : 
where w is the frequency. (12) 
Equation (12) can be rewrittenas 
o* = o{x,=y, = 2/8, ~1/2by. my : Lied Fy 
+[{1/t4 x2 an 85 $a 


ae y°/2ty{1 + TAGs Hy =0 


where x, and y, are steady st tate value 
pectively. 
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Fig. 2—Plot of computed values of (a) log x and (b) log y versus time for t,.. = 700, t, = 100 andy, =0.1. 


Bifurcation would occur when q>0 and p=() so 


; Table 1—Dependence of oscillatory nature ON te. 
: that at the bifurcation point, gers Page 
4 ee +S = We 
Sad P15 ae < Ay) =f. ae (1A) te. Nature of oscillation 
“re : 100 No oscillation 
Numerical solution 200 a : 
din merical solution of Eqs (8) and (9) were ob- : ‘ _ 
“tained fe for eliBereenivahics of t, and t,,, and typical ss elt ag ) a 
results for t, = 1¢ deteae S00. and Xo> = Oare ames 500 Damped oscillation oS aa ie 
in Fir em 1tuallo!} damped ISCIiial a TC e ~ \ ae = 


Sustained oscillation 
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Autooxidation of benzoin is catalysed by B- 
cyclodextrin in the presence of a mild base with 3.7 fold 
enhancement in rate. A mechanism commensurate with 
the kinetic data has been proposed. 


Cyclodextrins catalyse a wide variety of organic 

- reactions! and one such reaction is autooxidation of 
at-hydroxy ketones like furoin and pyridoin to 
corresponding a-diketones*~*. In this paper we re- 

rt the kinetics and mechanism of autooxidation of 

~ eon in the presence of an equimolar amount of 


Autooxidation of benzoin is very slow in the pres- 


Tr - 
‘as 
x aa 


_ ence of alkali. 


ution of freshly prepared benzoin (0.059 mol 
1 *) containing appropriate concentration of B- 
lodextri 1 (BCD, Aldrich) was taken in ethyl al- 
1 il) and NaHCO, buffer (5 ml, 0.24 mol 

) of pH 11.15+0.1 such that the final buffer 


as 0.06, mol dm ~3. The reaction 
ned at 77+ 1°C. For buffer so- 
CO, was used and for 


between 


ffer pH was adjusted with 0.1 
Se siasviast welt dtc of 
at benzoin: BCD ratic 


= paeep a aon 7 
ae Ts ar 


4 
tik . 


¥ mild base and catalytic amounts of B-cyclodextrin. 


tion, benzil, isolated from the reaction mixture by 
chromatography was found to be identical (spectral 
data) with an authentic sample. 

Kinetic measurements were carried out by moni- 
toring the decrease in {benzoin] with the help of 'H 
NMR spectroscopy ('H NMR spectra were re- 
corded on a Varian EM 390 instrument operating 
on a continuous wave mode at 35 + 1°C). Aliquots 
(0.5 ml) were withdrawn at regular intervals of time. 
the residue obtained after evaporation of alcohol 
was dissolved in CCI, (0.5 ml) and a drop of DMSO 
for recording the spectra. As benzoin was converted 
into benzil, the decrease in the area of CH (8 6.08) 
or OH (6 4.54) proton signal was measured and 
from the total area of aromatic protons observed 
between 6 7.33 and 8.1 ppm, the relative propor- 
tions of benzoin and benzil were estimated. 

The results show that one mole of benzoin ab- 
sorbs one mole of oxygen to form one mole each of 
benzil and hydrogen peroxide in a first order reac- 
tion. Small amount of H,O, formed was found to 
have very little effect on the pH of the medium as the 
PH of the reaction mixture before and after the run 
was found to be the same. Pseudo-first-order rate 
constants were determined from a linear least 
square analysis of a plot of log (A)/A) versus time © 
(s), where A, and A represent [benzoin] at initial . 
time and after a period / respectively. Each kinetic aa 
run was repeated at least twice to arrive at the k,,,. “e 
values. Correlation coefficient values for the plots 
were invariably within 0.88-1.0. The rate constants 
determined for the catalysed (k,,,.) and uncatalysed 
(K,,) reactions were reproducible within 10-15%. 
Such high percentage of error is probably expe : 
as it involves determination of concentration: 


- anil : core | a ve (BCI 
wi. - Ww ia OVE ‘ 
pe ERR & gy a 


kok a a 


INDIA 


0:3 


0 1 2 3 4 5 


TIME (nrs) 


Fig. 1—A typical plot to evaluate pseudo-first-order rate con- 
stant (k,,,) values for the conversion of benzoin to benzil ({[Ben- 
3. 


zoin}=0.059 mol dm-3; {BCD]=0.0132 mol dm~’; 
[NaHCO,]=0.0625 mol dm~?; pH= 11.15 £0.1). 


EADIE- HOFSTEE PLOT 


( Kops-Kun) x10° 


x10" 


! 
Kops-Kun 


0-2 0-6 1-0 1-4 1:8 2-0 
| e 
een" 10 ; 
Fig. 2—Upper trace: Eadie-Hofstee_ 
| p lot. 
[Slope( — Kp) = — 0.00151 mol dm“; nitetoein 


Fa) = 768 wits") 

ver trace: Lineweaver-Burk plot. [Slope (Kp/k,..) = 14. 

mol dm" intercept (1/k,,,)= 28029 Dek ona: ut 

dm~* and k,q= 3.569 x 10° s"' respectively. Rate-constant 

values were: Kun = 8.298 x 10-°s~!; k,,, values for the catalysed 

reactions varied from 8.4 10~° s-' to 4.03 10~5 s~! in the 
[BCD] range 2.15 x 10-4 -2.2 x 10>? mol dm~?}. 


where C, § and P represe ; 
duct Epeckively. epresent BCD, benzoin and pro- 
A modified Lineweaver-Burk plot was construct- 
ed with the data, where a plot of 1/(k,y,~ Kin) ver- 
sus 1/[BCD] was linear with intercept equal to 1/k 

and slope to Kp/k., (Fig. 2). The data were also 
treated for an Eadie-Hofstee plot where the depar- 
ture from linearity which might not be apparent in 
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Table 1—Kinetics of BCD catalysed autooxidation of benmae 


(Benzoin] = 0.059 mol dm~*; [NaHCO,]= 0.06 mol dm~ 


[BCD] x 10° pH Kops * 10° [p-Nitrophenol] x 10* 
(mol dm~*) Ce) (mol dm“ *) 
- 11.06 0.73 — 
= 11.22 0.93 = 

(Aver = 0.83) 

0.895 11.18 0.909 18.71 
1.126 . 11.06 0.767 27.A9 
— 6.52 0.496 —4 
— 7.58 0.493 oo 
— 8.05 0.873 — 
— 8.58 0.749 — 
= 9.13 0.825 _ 
_ 10.49 1.384 = 
— 12.05 1.99 —— 
1.103 6.02 0.435 _ 
1.103 Ta 1.39 _ 
1.1 8.26 1:23 25 
1.113 9.65 2.0 = 
1.117 10.7 1.9 ¥ 
1.102 11.18 1.95 tig 
1.126 11.8 2.62 = 
1.108 12.09 214 7 
1.095 12.64 2.75 re 

0.24 11.15 0.84 —_- 

0.65 1145 0.934 ae 
1.102 11.15 1.95 é 
1.54 11,35 2.46 ae 
PAS | 11.15 1.96 poe 
4.41 11.15 2.9 Tre 
8.824 T1135 4.03 ty 
(sz2z 11.15 3.54 £ 


Percentage of error in k,,, values = + 15%. Although a | me 
number of kinetic run were performed, only values whic gave 
best fit for the Lineweaver-Burk or Eadie-Hofstee were shown. 
‘no inhibitor was used. de aasige 


the above plot was magnified They sce in 
against (K,.,~ ky,)/[BCD] was linear \ 
equal to — 1/K,p and intercept equal to 1 
In both the treatments Kp refers t 
constant of the benzoin-BCD c 


along with a K,, value c 


JUVE 


A CRE 


et enemas 


Aiea, o 
3 enzi ‘This indicates that the phenyl ring next to 
1 CHOE in benzoin is included within the BCD cav- 


NOTES 


The k,., values for the BCD catalysed reactions 
at different [p-nitrophenol] were not significantly 
different from those of the uncatalysed reactions 
(Table 1) indicating that complexation of BCD with 
p-nitrophenol deprived benzoin of any catalytic ef- 
fects by BCD since BCD formed a fairly stabler 
complex with p-nitrophenol (K, = 0.04 x 10>? mol 
dm °, ref. 1) than benzoin. 

Benzoin was found to form a 1:1 inclusion com- 
plex with BCD (present work) when an equimolar 


_ solution of benzoin and BCD were examined in 


DMSO-d, by 'H NMR. Chemical shift values of 
benzoin aromatic protons and BCD protons in 
DMSO-d, showed quite appreciable shifts on com- 
plexation, indicating that one of the pheny] ring is 
included within the cavity. Since benzil contains 
phenyl rings attached to carbonyl groups, its inclu- 
sion within BCD did not cause greater shifts in the 


aromatic protons of benzil, in comparison to those 

~ of benzoin, to distinguish the pheny] ring in benzoin 
that has been included within the cavity. However, 
_ the benzoin aromatic protons (especially those that 


ong to the phenyl ring next to CHOH) exhibited 
iter shifts than the aromatic protons of 


: De ea ? 
CH and OH signals which appear as doublets 
. show progressive broadening of the 


i, 7 q a =~ 
h f | ms 4 Dast 
¥ \ a gy j Z IN L By Be ar | 
2 ws! . 


BCD + C_H.CH-cC_H 
a) » 29 5 * 


> BCD. C.H.CH-cc 4 
CCH 
6S; 7 65 


OH 0 
O50 


1 
| 


BCD + C_H_C-CC_H 5 Sak J 
‘wuss ~*~ BCD CoM = COaN, 


00 0 
SCHEME 1 


The rate of oxidation of furoin catalysed by a 2:1 
complex of 6-B-aminoethylamino-6-deoxy-B-cyc- 
lodextrin-Cu**, was reported to be 20 times faster 
than that for the uncatalysed reaction?. In comparis- 
on, an enhancement of about 3.7 times observed for 
benzoin in the present work, although modest, in- 
volves a molecule like benzoin which does not pos- 
Sess an activating group in the vicinity of CHOH like 
furoin or pyridoin. The role of BCD here may be si- 
milar to that of a solvent mixture like propanol-wa- 
ter, in the decarboxylation of p-chlorophenylcyan- 
oacetic acid anion catalysed by BCD!. By complex- 
ing with benzoin, BCD because of its microsolvent 
characteristics orients the latter for facile action by 
molecular oxygen. 
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Substitution of aquo ligands from cis-diaquo- 
bis(biguanide)-chromium(III) ion by f-phenylalanine in 
aqueous medium has been studied spectrophotometri- 
cally. Activation parameters have been calculated. A me- 
chanism involving the prior formation of ion pair fol- 
lowed by associative interchange (1,) has been suggested 
for the anation of the Cr(III) complex. 


Experimental evidences have been adduced in re- 
cent years that depending on the nature of the sys- 
tem inner or outer sphere mechanism may operate 
in ligand substitution reactions in both Co(II) and 
Cr(III). The present paper reports the results of one 
such study, i.e. reaction (1) 


cis-[Cr(Bigh),(H,O),|?* +PhenylalaH > 
[Cr(BigH),(Phenylala)?*+H,O+H,O* _...(1) 


where phenylalaH is the zwitterionic form of ® 
phenylalanine. 


Experimental 
cis-[Cr(BigH),(H,O),](ClO,),[complex-I] was 
prepared in situ by the literature method and the 
purity checked by UV spectra. The absorption 
spectra of 1:1, 1:2 and 1:3 mixtures of reactants 
preequilibrated at 45°C for 48 hr at pH 4.0 and con- 
taining fixed [complex-I] (0.005 mol dm~?) exhibit- 
ed A,,., at 490 nm. The product of the reaction be- 
tween [Cr(BigH),(H,O),}’* and # phenylalanine 
was prepared by mixing these in 1:1 molar ratio and 
refluxing for 48 hr on a water bath. The reaction 
mixture was concentrated to yield a solid product 
which on analysis revealed the composition 
[Cr( ras a )?*{[complex-II]. Absorption 
spec of the isolated pr ibi 
Yao product exhibited A,,,, at 
Preequilibrated solutions of #-phenylalanine and 
complex-I were mixed under pseudo-first order 
conditions and the absorbances of aliquots from the 
reaction mixture withdrawn at regular intervals 
were measured at 460 nm where a substantial dif- 
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ference existed in the spectra of complex-I and com- 
plex-II. Pseudo-first order rate constant (Kops) 
was evaluated graphically _—_— by plotting 
log(A, — Ao/Aa — Ay) versus time 4, where Aw Ao and 
A, are the absorbances at infinite time, in the beginn- 
ing and after time ¢, respectively. 


Results and discussion 

The values of k,,, ( 10*) were found to be 3.8, 
4.0 and 4.1 s~! at [complex-I]= 0.005, 0.006 and 
0.0075 moldm~? respectively at fixed w=0.5 
mol dm~3, pH=4.0, [phenylalaH]=0.1 moldm~* 
and temp. = 45°C. The k,,, values are in good agree- 
ment with the first order rate law (2) 


d{complex-I] 
dt 


Other conditions being the same, at fixed [complex- 
I] (0.005 moldm~3) and [phenylalaH] (0.075 
mol dm~3), k,,, ( * 10*) values were 2.9, 3.0, 3.2, 3.3 
and 3.6 s~! at pH 3.5, 3.7, 4.0, 4.43 and 5.58 re- 
spectively. The pH of the medium was adjusted by 
adding HCIO, and NaOH. The increase in rate with 


pH may be explained by considering Eq. (3). 
cis-(Cr(BigH),(H,O),}°* 

K. cis{Cr(BigH),(H,O)(OH)P* +H* ..(3) 
The pK of reaction (3) was determined pH- 
metrically as 8.0 at 25°C. This shows that the nature 
of the substrate complex changes with the change in 
pH. Now considering the above equilibrium effect 
of pH, k,,,, can be expressed by Eq. (4) 


Kops = ky + k,K[H* ]~ --(4) 


where k, is the observed rate constant when react- 
ing species is diaquo complex and k, is the observed 
rate constant for hydroxoaquo complex. It is seen 
from Eq. (4) that increase in pH increases the reac- 
es pes This may be due to the fact that at higher 
p e€ percentage of hydroxoaquo species 
[Cr(BigH),(H,0)(OH)}?* incommens ae a labile 
complex, it increases the rate of reaction in the high- 
er pH range. The pK values of the ligand (pK, = 
1.83, pK, = 9.13 at 25°C) indicate that in the experi- 
mental pH range the PhenylalaH form (ice. z 
onic form) is predominant. As the nature of 
remains almost same, the effect of varyin. 
rate is due to the change in species from 
diaquo. PE i 
At [complex-I]= 0.005 mol dm~‘ 


= k,,, [complex-I] iulen 


i" ria ‘ 


Table 1—Variation of pseudo-first order rate constant (k 
with | phenylalaH | 
(Cr(BigH),(H,O)}* |=0.005 mol dm~?, «= 0.5 mol dm~}. 
pH=4.0 
|PhenylalaH]} Kons ( 107) s~ 
(mol dm ~*) 


obs) 


0.050 
0.075 
0.100 
0.125 
0.150 


Wal Sey Rs ¥ ag . 
u=0.5 moldm~*, the rate of reaction increases 


with increase in [ligand] (Table 1) in the range 0.05 
| pee So dm _~* but at a high [ligand] a limiting rate 
ed. This may be due to completion of ion 

ation at higher [phenylalaH)]'. Based on the 
IT in Sega 1 aes be pro- 


1 
[Preny! ataH] 
Fig. 1—Plot of 1/k,,, versus 1/|ligand] atdifferent temperatures. 
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|/T. have been compared with those for the substi- 
tution of aquo diganes of the title complex by neutral 
ligands like 2 2'-dipyridyl (AH* =85.83 kJ mol” 
AS* =2.92 IK ‘mol ') and 1,10- -phenanthroline? 
(AH* = 43.30 kJmol~!, AS* = -1.75 
JK~'mol~'). The authors eae high activation 
energy for such systems and suggested an I, me- 
chanism. But for our present system the AH” value 
(27.21 +2.09 kJmol “') is quite-low and a large ne- 
gative AS* (—214.79+2.09 JK~'mol~') value is 
obtained indicating a significant ligand participation 
in the transition state. 

The results obtained in the present study suggest 
that the reaction between [Cr(BigH),(H,O),]** and 
phenylalanine involves outer sphere association 
between the two reacting species followed by an as- 
sociative interchange process where both bond 


breaking and bond making occur concertedly. The 


energy of bond breaking is thus tareoe comes 
ed by the energy released due to the bond formation — 
by the incoming ligand in the transition state. In the — 
present system such a mechanism is well reflected 
from the low AH” value as compared to the other 7 
ligand substitution reaction involving Cr(III) centre. 

The probable reaction mechanism is shown in 
Scheme 2. A compact activated complex is formed — 
via ion pair formation between complex-l and the li- 
gand which is further stabilised by H-bonding. The — 
negative AS” value can also be accounted for by the 
formation of such a transition state. 
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Oxidation of hyponitrous acid with chromate in acid 
solutions occurs in accord with reaction, 


3H,N,O, + 4Cr(VI1) + 6H,O => 
6HNO, + 4Cr(IIl) + 12H* 
with a rate law 


[Cr(V1)][H»N,O,](k, K.[H_]+ k;) 
(1+ K;{H -]) 


a where k, and k, are the rate constants for (H,CrO, + 
__-H,N,O,) and (HCrO; +H,N,O,) reactions respectively 
3 and (17k) is the first acid dissociation constant of 

--H,CrO,. The values of k, (dm°mol~*s~') and 
n01~'s~') have been found to be 1.5 and 0.072 
vely at 40°. The known trioxodinitrate(II) is not 
nediate of the reaction. | 


— d{Cr(VI1)//dt= 


is “acd with TIL)! 
IH)’ and chloramine-T* 
-d from this laboratory. 


Pan! 


is nitrite or nitrate 


_ hyponitr 
abel 


_ations of hyponitrite, HCIO, and excess concentra- 


dm*‘mol~'cm~'), The solid compound Na,N;O, af- 
ter recrystallisation was kept under ethanol in a ref- 
rigerator. In aqueous solutions it decomposed slow- 
ly but in acidic solutions it decomposed readily. 

All the chemicals were of either AR(BDH) or 
GR(E. Merck) quality. Doubly distilled water was 
used throughout. 

Kinetic — procedure—Thermally equilibrated 
(40 + 0.1)" aqueous perchloric acid solution of hy- 
ponitrous acid was added to a mixture of potassium 
chromate and other required chemicals equilibrated 
at the same temperature. Aliquots (5 ml) were with- 
drawn at appropriate time intervals and added to a 
known excess of ferrous ammonium sulphate in 2.0 
mol dm * H,SO,. The unreacted iron(II) was back 
titrated against a standard solution of Ce(IV) in aq. 
H,SO, using N-phenylanthranilic acid as indicator. 

The data were treated for initial rates (v,) by the 
plane mirror method"". First and second order plots 
were also made wherever conditions permitted. The 
second order rate constants from the three plots 
were almost identical. The results were reproduci- 
ble to +5%. 


Results and discussion 
Several determinations with different concentr- 


tion of chromate (estimated by the method de- 


3H.N,O,+4Cr(VI)+6H,O> 


oo 


— 6HNO,+4Cr(II)+12H* 
ape wnt oh i i. = oT a ui: a” 
NO gas Wa 


olved. | showed th 
peu, <ies ov 


Table 1—Second order rate consta 
k=v,ACr(VI)|[H2N> O,| also equal to k, 


10°(Cr( VI) 
mol dm ~ 


().2 
0.4 
0.6 
0.8 
1.0 
2 
1.6 
2.0 
3.0 
4.0 
5.0 
6.0 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 


: mola 


3 


INDIAN J CHEM. 


‘constant [HCIO,] = 1.1 mol dm~ 
10°{H,N,O)| 107 (vy) k from Vy 
mol dm ~* mol dm~*s~! dm‘mol"'s~! 


2.5 1.08 
25 1.92 
25 2.67 
a5 3.67 
2.5 4.92 
25 5.92 
2.5 EAT 
25 9.67 
2.5 15.0 
25 19.2 
2.5 24.2 
7 the, 28.3 
iS: ac 1.08 
0.75 1.50 
1.0 1.67 
1.5 2.50 
2.0 3.83 
4.0 7.00 
6.0 10.8 
8.0 i469 
Average 


'- 


at fixed [I O;)=2.5% 10-5 
n~* and [HCIO,]= 1.1 mol es 


Pode rate versus Leeann was linear passing 
ing first der in r(VI). 
te eae oe ts as 


*. The plot of 
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nts of Cr(VI)-H,N202 reaction from diffe 
/{H,N,O)] “where k, and k are pseudo-first order and s 


0.216 
0.192 
0.178 
0.184 
0.197 
0.197 
0.179 
0.193 
0.200 
0.192 
0.193 
0.189 
0.218 
0.202 
0.170 
0.170 
0.193 
0.177 
0.182 
0.185 
0.190 + 
0.010 


‘uly 


rent type of plots at 
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k from second 10*k, from  kfrom pseudo- 


order plots pseudo-first first order 
dm3mol-'s~' —orderplots  — plots 
st dm'mol~'s~! 


o 4.61 

am 4.28 

<= 4.61 
0.185 — 
0.184 — 
0.184 — 


O.182+ : Skee EES 


0.012 3 vine ea 1h 


Mine 2—Initial rates (v,,) at betas {H*] an 
& [crevn}= 10 <n 
sft 25x10 ; 
Pt MEP >, RY eat: ‘ited é 


one es aettine | i dK (yy) mol m ‘a 


40° and {H*]=1.1 mol dm”: 
econd order rate constants at 


: og Sit i 2 - 


0.184 
0.171 
0.184 


"Oh te oh 


CrO; +H* #HCrO; 
(K, =1.2x 10° mol 'dm? at 25°) taal & 
HCrO; +H* > H,CrO, 
(K,=0.21 mol” 'dm/ at 25°) ...(4) 


Since a plot of rate versus [HCIO,] is linear with an 
intercept, both the species of Cr(VI) appear to be 
reactive. Thus the two reactions are (H,CrO,+ 
H,N,O,—k, path) and (HCrO; +H,N,0O,-k, 
path) and the rate law (5) can be deduced. 


c: d\Cr(V1)] + [Cr( VI) {H.NO,)(k, Ko{H ”]+ ky) 
| (1+ K,[H")) * 


k, K,{H|+k, 
1+ K,{H"] 


The plot of v,(1 + K,{H* |) versus [H*] in the con- 
centration range of 0.2 to 2.0 mol dm“? was linear 
with an intercept. From K, values at 25° (0.21 
dm*mol~!) and 4° (0.35 dmmol~'), the values at 
30°, 40° and 50°C were found to be 0.179, 0.143 


or k= 


plots for vj(1l+K{H*]) versus [H*], k, 
(dm*mol~?s~') and k,(dm3mol~'s~!) were found to 
Searcexnnot2s at 30", 1.5 and 0.072 at 40° and 


of ay parent non-participation of Ge rad- 
mee at re eactic 1 | it appears that both 
are likely to participate in the 

a molecule a ea ad its immedi- 
es sie . ‘Of BCT? « 


patitiebeplics tha neds 
ong mar le espera ei: dl 
4 4,N,O;. It appears that 


hag 24S 
be Le 


d 
9 eRe 


Hs iin, Side 


and 0.115 respectively. With these values of K, and | 


|)/A[Na;N,0,]) of | 


NOTES 


HCrO, + H,N.O, ““+HCrO; +H,N,O, 
..(6) 


HCrO, +H,N,O, “= HCro; + 2HNO, 


..(7) 
2HCrO, + 2HCrO, + 4H* “+ 4HCrO, + 2H,O 
..(8) 
(2Cr(VI) + 2Cr(IV) "2" 2Cr(V)) 
4HCrO, + 2H,N,O,+12H* #5 
4Cr(IlI) + 4HNO, + 8H,O ...(9) 


is an unidentified product similar to  trioxodi- 
nitrate( II). 
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Permanganate oxidation of thallium(I) in aqueous 
perchloric acid has 2:3 stoichiometry (oxidant: reduct- 
ant) and manganese(IV) and thallium(III) are the pro- 
ducts. A clean second order kinetics is followed by the 
reaction with fractional dependence on [acid]. The. re- 
sults are explained by a mechanism involving HMnO, as 
the active oxidant species. 


Thallium(I) is a two-electron reductant and is eas- 
ily oxidised by permanganate in acid medium but 
the mechanism is not known and hence the title in- 
vestigation. Reduction of permanganate to either 
manganese(I[V) or manganese(II) is possible, the 
former state being attained in reactions: with two 
electron reductants!. 


Experimental 

Reagent grade chemicals and doubly distilled wa- 
ter were used. Aqueous solutions of potassium per- 
manganate (BDH, AR) and thallium(I) sulphate 
were standardised by titrating against oxalic acid 
and potassium bromate respectively. Thallium(III) 
solution was prepared by dissolving thallium(III) 
oxide (BDH) in 2.0 mol dm~? perchloric acid and 
standardised against EDTA solution. Manga- 
nese(IV ) solution was prepared in hot 1:1 perchlor- 
ic acid and standardised as reported in literature. 
Manganese(IV) solution of concentration higher 
than around 1.0 x 10-3 mol dm~3 was unstable un- 
der the experimental conditions employed. There- 
fore, solutions of manganese(IV) with concentr- 
ations less than ~ 7.0 x 10-4 mol dm~? which were 
stable over 5-6 hrs under the experimental condi- 
tions were used in the study. 


Kinetic procedure 

Thermally equilibrated solutions of MnO- 
TI(I), which also contained the required pe 
of perchloric acid and sodium perchlorate to give 
the required acidity and ionic strength, were mixed 
and the reaction was followed spectrophotometri- 
cally by measuring the absorbance of MnO; in the 
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reaction mixture at 526 nm on a Bausch and Lomb 
Spectronic 2000 instrument. The application of 
Beer’s law under the reaction conditions had earlier 
been verified in the concentration range of 
0.50 1074 to 4.0 1074 mol dm~? of MnO; in 
1.0 mol dm~3 perchloric acid with e= 2400 + 25. 
Initial rates were reproducible within + 5%. 


Stoichiometry 

Different reaction mixtures containing different 
[reactants] in 1.0 mol dm“? perchloric acid solution 
and sodium perchlorate (J=1.10 mol dm~*) were 
kept at 25° for over 4 hrs. The oxidant, MnO; , was 
found by measuring its absorbance at 526 nm. 
TI(IM) formed was analysed as the T1(II)-PAN 
complex? by extraction of the latter into chloroform 
at pH =2.4-5 and measuring its absorbance at 570 
nm. Manganese(IV ) was found from the absorption 
spectrum of the reaction mixture in 9 M sulphuric 
acid?. 

Manganese(IV ) formed in the reaction showed 
no insoluble form under the reaction conditions as 
observed by Nepheloturbidimeter. However, under 
the conditions of [Mn(VII)] greater than around 
1.0 x 10-7 mol dm “3, the product formed showed a 
precipitate of manganese dioxide. The results of the 
reaction showed that two moles of oxidant were re- 
quired for the oxidation of three moles of thalli- 
um(I). 


2Mn(VII) + 3T1(I) = 2Mn(IV)+ 3T1(I1) 08) 


Results 

Under the conditions of [MnO; ] in the range of 
0.25x10°* to 2.5x10-4 moldm-=3, [TI(I)]= 
3.0 x 10~* mol dm~3, acidity=1.0 mol dm~3 and 
ionic strength = 1.10 mol dm~°, log-log plots of in- 
itial rates versus [MnO, ] led to an order of approxi- 
mately unity in [oxidant]. Under similar conditions, 
the order in [TI(I)] in the concentration range of 
0.50 x 10-4 to 6.0 x 10-4 mol dm~3, at [Mn(VII)]= 
2.0 10~* mol dm~3, was also found to be unity. 
Measurement of initial rates at different [acid] rang- 
ing from 0.25 to 1.25 mol dm™=3 perchloric acid, 
other conditions being constant, led to an order of 
around 0.83 in [acid]. Initially added product, 
TI(III), did not affect the reaction significantly; but, 
initial addition of varying amounts of [Mn(IV)] in- 


creased the rate leading to an order of around 0.40 , | 


ils ea oichiometry 
e I)-T tion has a stoichiometry | 
of 2:3 ([Mn(VIN)}(TI(0))) and. ihe ieiahiebeipedeatae: ae 


tion of Mn(III) and Mn(II) may be regarded as un- 
likely. This conclusion was supported by the non- 
detection of both Mn(III) and Mn(I1) at the end of 
the reaction. Manganese(VI), Mn(V) and TI(II) 
might be involved in the reaction. However, while 
Mn(VI) and Mn(V) are known only in basic solu- 
tion*. TI(II) is rather shortlived®. Hence, no experi- 
mental tests could be carried out in these cases. 

Variation of ionic strength between 1.1 and 2.0 
mol dm ~’ by addition of the requisite [NaClO,] re- 
duced the rate. For example, under the conditions 
3(MnO; |= 2[T1(I)]=6.0 x 10-4 mol dm “3, 
{[HCIO,]= 1.0 mol dm~? at 24°C, an increase in ion- 
ic strength from 1.1 to 2.0 motdm~? decreased the 
initial rate from 11.3107’ to 5.17x10~’ 
mol dm~*s~!. On the other hand, the initial rate in- 
creased with increase in dielectric constant (dec- 
rease in acetic acid content) of the medium . Under 
identical conditions as mentioned above, when the 
acetic acid content (%v/v) was increased from 0 to 
50, the initial rate decreased from 11.3 x 10~’ to 
2.77 x 10-7 moldm~?s~!. Salt effects on the reac- 
tion were also studied and, while added sodium nitr- 
ate and sodium sulphate did not affect the reaction 
rate to any significant extent, added chloride influ- 
enced the reaction rate appreciably. 

At constant acidity, ionic strength and other con- 
stant conditions, the effect of increasing tempera- 
ture between 24° and 34°C was studied (values of k, 
at 24.0°, 29.0° and 34.0°C were 41.3, 47.2 and 55.6 
dm?mol~'s~! respectively) and the activation par- 
ameters obtained are: E,=22.6+3 kJmol™! and 
AS* = — 148.3+4JK™'!mol@!. 


Discussion © 
The Mn(VII)-T1(I) reaction is a noncomplemen- 
tary one with the oxidant undergoing a three equiva- 
lent reduction and TI(I) undergoing a two equiva- 
lent change. No evidence for the lower oxidation 
states of manganese such as Mn(III) and Mn(II) was 
found. Again, Mn(VI) and Mn(V) are unstable in 
acid media‘ and could not be detected. The inter- 
aes 


vention of T1(II) in many cases of oxidation reaction 
of TI(I) in acid solutions is well established although 
its intervention is difficult to detect since it is very 
short-lived’. Manganese(IV) which is a product, 
talyses the reaction and hence the second order 

st of 1/(a— x) versus time deviates from linearity 

| he other product, TI(III), has no effect on 
‘reaction. The order of two (unity in 
sactant) and fractional order in acid can be ac- 
cies is likely to be the mono- 

/Tl) HMn0O, ) as indicat- 


NOTES 


K 


H* +MnO; = HMnO, Soret 


k slOW 


Mn(VII) or HMnO,+TI(I) —* Mn(VI)+ TIM) 


(0 
Mn(VI) + TI(I1)— Mn(VI) + TI(IT) ... (I) 
Mn(VI)+TI(I)— Mn(IV)+ TI(I) _..(IV) 


Scheme 1 


effect of acidity on the reaction. Oxidation by un- 
protonated oxidant occurs to a negligible extent, 
around 0.4% of the total oxidation. That perman- 
ganic acid (HMnO,) is a stronger oxidant than 
MnO, has also been observed in other cases®. The 
steps beyond the slow step are all likely to be fast in 
view of the fact that short-lived intermediates of 
manganese or thallium are involved. Since none of 
the intermediates could be identified, Scheme 1 is 
only one of the different possible mechanisms for 
the reaction, steps beyond step(II) being uncertain. 
It may be noted that both Mn(V) and Mn(VI) are 
stable only in strongly basic media*. However, T1(II) 
has been found to intervene? in oxidation of T1(I) in 
acid solutions. Scheme 1 leads to rate law (2) which 
may be rearranged to the form (3) suitable for verifi- 
cation. A plot ) 


[Mn( vin) { T1019) [Mnciv) Jo 
an a oe es ee em 


40 

0.8 32 
‘. Bi 
§ 4 x 
é 6. 
: : 
S04 8 2, 


0.2 


0 2 & € 8 10 12 4 
time, min 


Fig. 1—Mn(VII)-Ti(I) reaction in aqueous perchloric acid at 
24°C —(a) Plot of ys . sear’ nad nuite be —_— 
I = =6: 

scgeny heen = 1.0 mol dm-?; I= 1,3 mol dm~?). 
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d(Mn(VI))_ Kk,[Mn(V0)i(T1()h14 "h 


ae | (1+ K[H'}) 
(2) 
(Mo(VI)h(TWDr_ tg Fa 
(Initial rate) kK, K{(H kb k, 


of the left hand side of Eq. (3) against 1/[H*]}; must 
be linear with rate constant, k,, and formation con- 
stant of HMnO,, K, being obtainable from slope 
and intercept of such plot. The plot is linear and the 
values of k, and K are 50 dm’mol~'s“' and 0.61 
dmmol~! respectively. Using these values, initial 
rates for several situations as used in experiment 
were calculated and compared with experimental 
results. It is found that a fair agreement is obtained. 
The value of K of 0.61 dm*mol~! for the formation 
of HMnO, in the equilibrium step is much higher 
than may be expected on the basis of the reported 
pK, values of peymanganic acid of — 2.25 in perch- 
loric acid and — 4.6 in sulphuric acid’. 

The role of Mn(IV), a product, is amply borne 
out by the linearity of the plot of rate versus 
[Mn(VII)][T1(I)][Mn(IV )]°4. Soluble forms of 
Mn(IV) exist under certain conditions®. Thus, the 
catalysis by Mn(IV) (fractional order) of the reac- 
tion may be due to soluble species like HJMnO3-. 

The effect of ionic strength and dielectric con- 
stant on the reaction may be understood in terms of 
their opposing effects on the first and second steps 
of Scheme 1. While step(I) is favoured by decreasing 
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polarity of the solvent, the formation of the activat- 
ed (charged) state (step (II)) may occur to a lesser ex- 
tent?. The effect of ionic strength is that, while 
step(II) is favoured by the increase in ionic strength, 
step(I) is not. The rather small activation energy and 
the large entropy of activation indicate that the acti- 
vated state is considerably ordered. The particular 
effect of chloride ions on the reaction is likely to be 
due to the fact that the product, T1(II1), forms highly 
stable chloride complexes’® as compared to T1(I), 
the product stabilisation accounting for the rate in- 
crease. 
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Formation of ternary complexes of copper(II) with 
L-histidine, glutamic acid and aspartic acid as primary 
hgands and imidazole, 2-methylimidazole and 
2-ethylimidazole as secondary ligands has been studied 
potentiometrically in aqueous medium. The stabilities of 


_ the ternary complexes follow the order aspA>glutA > _ 
_L-his with respect to amino acids and 2-methylimidazole 


> 2ethylimidazole > imidazole with respect to 
imidazoles. These orders have been explained in terms of 


oni and molecular structures. 


y complexes play an en role in 
cal processes, as exemplified by many 
n which enzymes are known to be activated 
jons'? . Copper is an important trace 
ar sand animals?“ and is involved in 

ex formation®” in a number of 

°. In the present note ue pert 


using the method of Martell ef a/.!°! and Ozer!2. 
pH-Measurements were made on a Control 
Dynamics pH-meter. The spectra were recorded ona 
Shimadzu UV-VIS recording ‘spectrophotometer 
UV-160 with | cm quartz cell in aqueous solution at 
PH ~ 7.00. All the chemicals used were of AR grade 
and all solutions used were prepared in doubly 
distilled water. The titrations were carried out at 30°, 
40° and 50°C. The temperature was maintained using 
a Yorko thermostat. Ionic strength of all the 
solutions was maintained at 0.1M (NaClO,). For the 
ternary systems, following solutions were prepared 
(in total volume 25 ml) for titrations: 
(1) 0.02M perchloric acid + 0.1M NaClO,. 
(11) 0.02M perchloric acid + 0.1M NaClO,. 
(111) 0.02M perchloric acid +0.002 Msecondary ligand 
+ 0.1M NaClOx,. 
(iv) 0.02M perchloric acid + 0.002M primary ligand 
+ 0.002M Cu(ClO,4)> + 0.01M NaClOg. 
(v) 0.02M perchloric acid + 0.002M primary ligand 
+ (0.002 secondary ligand + 0.002M Cu(ClO,4)> + 
0.1M NaClOg,. 

Each one of the above samples was titrated against 
1.0M sodium hydroxide. 


Results and discussion 
Binary complexes : = 
The values of log Kcuafor the binary omplexes with 
amino acids are given in Table | along 


ine, craton —* as values are quite | a 


. a rou ile rib * 


- aire < Syme siescenaa ip 
Sonnet Ae aed ae PE. a 


ate is reported ore ale t as ” 


arameters for the binary complexes {(ligand] = 


Table |—Protonation con 


Ligand 


L-Histidine 


Aspartic acid 


Glutamic acid 
Imidazole — 


2-Methylimidazole 


2-Ethylimidazole 


- *Literature values 


The formation. constants of the bina 
ry complexes 
ha amino — acids follow the. 3 
: A 2 gluta. The logk value for the 
: ae is sa owing to the NNO z 


stants, formation const 


Temp. 


(°C) 
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[copper(I})] = 


log AY! 


ants and thermodynamic p 
2.0 x 103M & pt = 0. 1M (NaClO,)} 
log AM logKeua 
— AG* 
(kcal mol ') 
6.10* 10.1* 
. 15 10.18 14.1 
6,23" 10.16*.9:79* 
5.85 9:78. = 
5.56 9.39 
3.70* 8.94* 8.08% 
3.85 8.90 1273 
3.70 8.62 
x55 8.35 
4.10* §.39* 855" 
3.67 8.55 11.8 
455 8.30 
3.43 


order: 


8.10 


Thermodynamic Parameters 


—AH* . AS? 
(kcal mol~') (cal mol’! K!) 


16.4 oa, 

Re ) . 1.4 

10.5 4.4 
nahin 


NOTES 


Table 2—Formation constants, thermodynamic parameters and visible band positions for te 


System 


Cu(I1)-L-His- imidazole 
(l:t:l) 


Cu(I1)-L-His-2-methyl- 
imidazole 
(il) 


Cu(I1)-L-His-2-ethyl- 
Se henie 
(1:11) 


Cu(I1)-AspA-imidazole 


{{ligand] = 


Temp. 


CC) 


[copper ( ss ap 
logKe 


2.0 x 103-M&p = 


CuA(*) 
uAL 


— AG* —A 


0.01M (NaClO,)! 
Thermodynamic parameters rN 


rnary complexes 


(cm ') 
AS” 


(kcal mol™') = (keal mol!) (cal mol~! K~#) 


4.6 13.0 


~27.7 


3 Geom ior" 2 PTB e % . 
2a? ite Ege z Pastiot soba an Fes ~9 gave pam 


ips SoS. 2 ee = 


J 


afteyc% 
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Primene JM-T has been used to study the extraction of 
Ce(IIl), Gd(II]) and Yb(III) and other associated 
elements such as Y(III), Ti(IV), V(IV), Zr(1V), Th(lV) 
and U(VI) from citric acid medium. Based on 
distribution data it has been possible to achieve 
separation of lanthanides from titanium, zirconium, 
thorium and uranium with high separation factors. The 
amine-citrate system has also been used to study the 
reverse-phase TLC behaviour of Ce(III), Gd(III) and 
Yb(IIT) and of Y, Ti, V, Zr, Th and U. Binary separations 
involving lanthanides have also been achieved on amine 
impregnated layers. 


The use of citrate buffers in ion exchange 
chromatography of lanthanides is well known. 
However, scanty information is available on the 
extraction of these metal ions from-aqueous citrate 
medium! **. The present communication reports the 
extraction behaviour of three representative 
lanthanides, namely Ce(III), Gd(III) and Yb(IIT) 
alongwith that of Y(III), Ti(IV), V(IV), Zr(IV), 
ThIV) and U(VI) at different citric acid 
concentrations. Based on the distribution data 
optimum ‘ conditions for the separation of 
lanthanides from Ti(IV), Zr(1V), ThUlV) and U(VI1) 
have been worked out. The feasibility of the 
separation procedure is checked by taking binary 
mixtures. A reverse-phase thin layer 
chromatographic (TLC) Study investigating the 
effect of concentration of amine and citric acid on 
hRy values of some lanthanides and other elements 
has also been carried out to provide some useful 
papers sedar nad thin layer and solvent 
xtraction data and to find out optimu itior 
for TLC separation. | ; eat “anne 
Equal vohinedti0 nl) of he aque aall 
qu mes (10 ml the aqueou | 
Bh AR ade 5 other co tfattok sera 
a nic i ite Sy } Vey ce Raley 
ae ies ga phase (appro Hate cpheeiiry HON C 
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? 


<3 


amine in chloroform) were shaken at room 
temperature for 5 min, the two phases separated and 
suitable aliquots of each were counted for gamma 
activity or employed for determination by ICP-AES 
(LABTAM, Australia). 

The slurry of silica gel-G was prepared in 
chloroform solution containing high molecular 
weight amine of appropriate concentration. The 
plates of 0.5 mm layer thickness were used and the 
spots of metal ions (5 pl of 2.5% solution) were 
developed following the usual procedure. | 


Results and discussion 
Liquid-liquid extraction studies a 
The extraction of Ce(III), Gd(IIT) and Yb(IIT) was 

studied using different diluents and it was observed 
that extent of extraction was much higher with 
chloroform and benzene but chloroform was 
preferred as a diluent because of lesser emulsification 
tendencies. All amines were converted into the citrate 
form by pretreatment with citric acid. It is found that 
the extraction of metal ions remains more or less 
invariable in the pH range of 3-4 and for all studies the 
equilibrium pH of the aqueous phase was maintained — 
in the above range. The extraction was studied in 
Primene JM-T, Amberlite LA-2, Alamine-336 and 
Aliquat-336 and found to be the highest in Primene 
JM-T. Hence, Primene JM-T was used. The plots of 
log D versus log [amine] for Ce(II]), GdIII) and 
Yb III) give slopes equal to three, “Suggesting 
extraction of these metal ions by anion exchange 
mechanism. A’concentration of 0.10 M of Primene | 
JM-T has been chosen for other studies, 
_ The effect of varying [citric acid] (10x 10-3 to 
5.0 x 10° $M) on the extraction of Ce(II] 

Yb(IIT), Y(IIL), Ti(IV), V(IV), Zr( ve 
U(VI) was studied in chloroform. solutior | 
JM-T. The extraction of Cel) ; 
increases with increase in citric 
5.0 10°3M hereafter it’ remains 
onstant, But in case of Yb(IIT), the e 


a 
~ 
© 


ee 
DOOT 


= 


ONSL T 


a 
Table |—Effect of varying [citric acid] on the hR, values of 
Various lanthanides and other associated metal ions at 3% 

Primene JM-T concentration 


Metal ion hRy values at [citric acid] 
O.01LM 005M 0.1M 0.5M 10M 
Ce(IIl) 52T 55T 60 80 75 
CeilV) 68T 80T 60 80 76 
NdiIII) 54T 60T 60 79 76 
Eu(Ill) 55T 63T 62 80 75 
Gd(II1) 47T 55T 62 78 80 
TbiIII) 48T 57T 65 80 75 
Yb). 45 55 65 80 72 
Yh) 68 75 80 85 77 
TilV) = =~ = _ = 
VilV) 10 10 25 45 52 
Zr(1V) ) 5 5 5 8 
ThilV) 5 15 15 25 28 
U(VI) 7 10 20 1S 16 
’ ¥—Tailing 


1 with Ce(II1), Gd(III) or Yb(IID) i in varying 
concer fos ratios. Titanium, zirconium, thorium 
and ura n could be recovered quantitatively from 

yrganic phase by washing with 6M HCI whereas 
“thorium with 3M H>SOg. The results indicated that 
‘retention « flanthanides i in aqueous phase was above 
where Bon 2 Th(IV) and U(VI) could 


, aa phase to an extent of 


NOTES 


Table 2—Effect of varying [Primene JM- 1 on the hR, values 
of various lanthanides and other associated metal ions at 0. 1M 
citric acid concentration 


Metal ion hR, values at [Primene JM-T] 
0.030% 0.15% 0.30% 3.0% 5.0% 

Ce(III) 90 90 90 60 45 
Ce(IV) 90 90 85 60 58 
Nd(IIT) 95 90 85 62 46 
Eu(II1) 95 90 85 61 48 
Gd(II1) 95 90 85 65 56 
Tb(ITT) 95 90 85 63 59 
YbII) 95 90 85 60 SI 
Y(III) 95 95 100 — 94 
Ti(1V) — — — a ~ 
V(IV) 100 95 95 25 1] 
Zr(1V) 35 oa 18 5 5 
Th(lV) 80 7ST 65T 15 10 
U(VI) 90 85T 70 20 8 
T-Tailing 


2). Here too, there 1s an inverse correlation between 
hRy values and the %E of the metal ions. Testa? 
reported a similar trend on hRy values of rare earths 
and some other metal ions using trioctylamine coated 
papers. The trends in hR, values of metal ions are 
more or less similar on layers coated with different 
high molecular weight amines like Aliquat-336, 


_Alamine-336 and Amberlite LA-2. As ae 


hRy values i in bat Lose JM-T are the lowest. 
J M-T-citrate y tem 
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A highly sensitive voltammetric method has been 
developed for the determination of tellurium. Tellurium(- 
IV) shows a single four electron cathodic reduction wave 
which is pH dependent and diffusion-controlled. Normal 
and differential pulse polarographic approaches for the 
determination of Te(IV) produced reliable results in ammonia- 
ammonium chloride as supporting electrolyte. Use of 
charging current compensated d.c. polarography impro- 
ves the precision. The method has been used to determine 
Te(IV) content of some natural samples. 


Increased awareness of the biological role'* of 
tellurium has revived interest in methods for the 
trace determination of tellurium. Lingane and 
Niedrach? have shown that tellurium undergoes 
reduction at dropping mercury electrode in citrate 
buffer at pH =0.4 to 6.9. 

In the present investigation, polarographic and 
normal and differential pulse polarographic techni- 
ques have been employed to determine tellurium at 
trace levels in natural waters, some polluted 
samples and industrial wastes. 


Experimental — ' 

The chemicals used were of AR grade. All the 
solutions were prepared in doubly distilled water. 
The metal ion solution was standardised by the 
reported method*. Solution of gelatin (0.1%) was 
used as the maximum suppressor and 1M 
ammonia-ammonium chloride as the supporting 
electrolyte. hia Sin 

Polarograms were recorded on an Elico pulse 
polarograph, model C-L 90 which was coupled with 
an X-Y polarocord model L-R 108. The electroche- 
mical cell used, had a provision for inserting the 
dropping mercury electrode as a working electrode, 
a saturated calomel electrode as a reference 
electrode, Pt wire as an auxillary electrode and a 
bubbler for deaerating the solutions and for passing 
nitrogen. The d.m.c. used had the following 
characteristics: m= 1.73 10-3 g s-' at t=1.0s in 
ammonia-ammonium chloride — buffer — at 


pH=8.20+0.02; capillary characteristics were: 
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“impurities were removed by filtration ‘Tr 
digestion with conc. HNO; removed 


-were taken in the cell containing ¢ 


was computec 


-% at 140 cm effective height of 


1.441 mg” sec 
surface area of mercury 


mercury reservoir; 
drop =0.0122 cm’. 

The pH measurements were made on an Elico 
digital pH meter model LI-120. 


Results and discussion 

The voltammogram of Te(IV) in ammonia buffer 
showed only a single well-defined wave with 
Ey, = —0.68 V vs SCE. The wave height/peak height 
was found to be proportional to the tellurium taken. 
Current concentration relationship for charging 
current compensated d.c. polarography 
(CCCDCP), normal pulse polarography (NPP) and 
differential pulse polarography (DPP) were found 
to be linear. The results showed that the techniques 
were sufficiently sensitive for the determination of 
tellurium concentrations as low as 1.3 ng/L, 1.2 
ng/L and 0.8 ng/L using calibration curves, and 1.25 
ng/L, 1.00 ng/L and 0.75 ng/L using standard 
addition method by CCCDCP, NPP and DPP 
respectively. c | eo 


Interference study . 

The method is fairly selective towards different 
ions, viz., Sb3* (1:35), Cu2* (1:22), Cd?* (1:35). 
Bi3*+ (1:10), Pb?* (1:12), n?* (1:33). However, 
even a trace of iron interfered seriously. Selenium 
did not interfere in any concentration. Se(IV) and 
Te(IV) could be determined simultaneously by DPP 
as the peak potential of Te(IV) is — 0.735 V vs SCE 
while that of Se(IV) is — 1.608 V vs SCE. 
Determination of TeUV) in natural water samp. os 

The water samples were collected from upper. 


middle and lower layers of Sagar lake in 


of Madhya Pradesh (India). Any 
removed by extraction with dithi 
ganic matter. Suitable aliquots. 
The recovery experiments 
addlion of tage ME 
natural water sar 


“* 


NOTES 


(From Sagar lake, Sagar, Madhya Pradesh) 


F 
. | Table |—Estimation of Te(IV) in natural waters 


S.No. Sample location Volume of Te(IV) 

1 aliquot CCCNRCP_ NPP _Dpp 
(ml) (ug) (ug) (ug) 

| Surface water 10.0 3.50 3.52 3.54 

| | 20.0 7.10 7.08 7.04 
. 30.0 10.24 10.50 10.48 
. 2 Middle level 10.0 4.10 4.09 4.06 
| 20.0 8.16 8.18 8.15 
. 30.0 12.24 12.20 12.22 
3 ~—_—_— Bottom level — 10.0 5.22 5.20 5.24 
20.0 10.38 10.44 10.40 
30.0 15.60 15.66 15.70 


Standard deviation . s 


The. results show that the upper, middle and 
lower levels of Sagar city lake contain35.2 pg/100 
ml, 40.8 j1g/100 ml and 52.2 yg/100 ml resnecuvaly 
of tellurium (Table 1). 

. Determination of Te(IV) in vodk phosphate 
| The sample was collected from Hirapur mine in 
| Sagar district of Madhya Pradesh. The mineral 
| (910.0 g) was washed with water and filtered. The 
filtrate was treated with HCl and with dithiozone to 
remove iron, and then treated with HNO; and 
saagarnet dyn The residue was dissolved in 
) led wate  bresencoges aliquots of this solution 
eee ener cell. containing 
ypriat vol ime of am a buffer for analysis 
andard procedure, ioned above. The 
tration o} telluium was eens: seid 


Table 2—Determination of Te(IV) in industrial 
waste water samples 


(From Nepa Paper Mill, Nepa Nagar, Madhya Pradesh, 


India) 
"Sample location 7 eds: of Te(IV), pg/L 
. “CCCDCP NPP | DPP 
After crushing Affe 0.482 - 0.492 
bambooes B - 0.480. 0.488 
After third eee Wie eee ge 
filtration of 
crushed material — B ae 1.010 Phsise 
After lat = A 149.20 ‘148.90 148.586 
1 pstlanttaad a iB 146.90 rs 147.26 147.188 


A: Calibration curve ionsliaste Standard deviation= +0.008 
B: aerial addition sees Sraadard deviation= +0,009_ 
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A simple spectrophotometric method for the 
determination of vanadium has been developed based on 
the reduction of pentavalent vanadium to V(III) and its 
complexation with o-phenanthroline and salicyclic acid. 
The coloured complex is _ extractable into 
dichloromethane. The method is free from the interference 
of a large number of metal ions, namely, Os(VIIT), Re(VII), 
Mo(VI), Cr(VI), W(VI), U(VI), Ce(IV), Zr(IV), Cr(II), 
AldID, SbdID, Bi(IIT), Cu(II), Cd(II), Pb(II), Mg(ID), 
Sr(I}), Ca(II), Zn(11), Ba(II), and Ag(I). 


Vanadium is known to form complexes! °* in its 
different oxidation states which differ in their 
stability and extraction behaviour towards different 
organic solvents. Vanadium (V) compounds are the 
most stable in acid as well as alkaline medium, 
whereas V(IV) compounds are stable only in acid 
solutions. Because of strongly reducing nature of 
V(IID) and V(II) ions, earlier it was thought that they 
have hardly any meaningful role in the 
spectrophotometric determination of vanadium. 
Our studies on the analytical aspects of the 
complexation tendency of V(III) have led us to 
propose here an extractive spectrophotometric 
method for the determination of vanadium. 


Experimental 

Vanadium (V) solution containing | mg/ml was 
prepared by dissolving sodium metavanadate 
(Reachim) in distilled water, 

Salicylic acid (2%) and o-phenanthroline (0.5%) 
solutions were prepared separately in ethanol. 


Sodium dithionite and dichloromethane used were of 
CP grade. 


Procedure 

The pH of an aliquot containing 200 ig vanadium 
(V) and/or other ions, 1.0 ml o-phenanthroline, 1.0 
ml salicylic acid and 150 mg sodium dithionite was 
adjusted to 4.5. The contents were transferred toa 100 


200 


ml separatory funnel and the volume was finally made 
up to 20 ml. The solution was equilibrated with 10 ml 
dichloromethane gently for 30s taking care to release 
the pressure occasionally through a stop cock. The 
aqueous phase was again equilibrated with another 
10 ml portion of the solvent. The organic phases were 
combined and the coloured complex was filtered into a 
25 ml volumetric flask using a Whatman filter paper 
No. 41 and the volume was made up to the mark with 
the pure solvent. Absorption of the complex was 
measured at 385 nm against the reagent blank 
using a UV-visible spectrophotometer (Shimadzu- 
UV-140-02). The amount of vanadium 
was determined from a standard curve drawn by 
plotting the absorbance values obtained 
corresponding to different concentrations of 
vanadium as described above in the procedure. 


Results and discussion 

Vanadium (III) obtained on reduction with 
sodium dithionite formed a yellowish brown 
complex with o-phenanthroline and salicylic acid at 
pH 4.3-4.6. The absorption spectrum of the complex 
showed Amax at 385 nm, where the reagent blank 
prepared similarly had negligible absorption. 

The formation and absorbance of the complex is 
influenced by various parameters. While making a 
study of these variables, the initial conditions 
maintained were: vanadium (V) = 200 ug, 
o-phenanthroline = | ml, salicylic acid = 1 ml, and 
sodium dithionite = 200 mg. 

The absorbance of the vanadium complex was 
pH-dependent. At pH 4.0, it was 0.205 and reached a 
maximum 0.315 in the range pH 4.3-4.6. Further: 
increase in pH lowered the absorbance. Therefore, 
pH 4.5 was considered suitable. 

The effect of variation in the concentration of 
sodium dithionite as reductant for vanadium (V) was 
also studied. For [sodium dithionite] = 50 mg, the 
absorbance of the complex was 0.255. When the 
concentration of the reductant was increased to 
100-300 mg,-.absorbance value was 0.315, and 
thereafter it decreased. Hence, for effecting 
quantitative reduction, 150 mg of dithionite was 
used. 

In the absence of salicylic acid, the absorbance was 
nil. The absorbance was maximum (0.315) for 0.8-2.5 
ml of 2% salicylic acid in ethanol. It was, therefore. 
sufficient to use | ml of salicylic acid to get optimum 
extraction. 


NOTES 


The absorbance was only 0.045 _ if 


o-phenanthroline was not added to the aqueous 
solution. The absorbance was maximum (0.315) for 


0.6-2.0 ml of o-phenanthroline. Therefore, | ml of 


o-phenanthroline was used in all subsequent 
estimations. 

The absorbance also varied with vanadium 
concentration. It was found to rise with the increasing 
concentration of the metal ion. Aqueous solution 
containing 10, 50, 100, 400 and 800 pg vanadium (V) 
in 20 ml volume gave absorbance values of 0.02, 0.07, 
0.15, 0.59 and 1.17, respectively, indicating increase 
in absorbance in a regular fashion. Thereafter, the 
absorbance increased but slowly. 

On extraction, the equilibrium was achieved quite 
quickly. If the contact time was kept in the range 5-50 
s, the absorbance was constant and continued to be 
maximum (0.315). 
pemurection of the complex into different organic 
its was tried. The absorbance of the complex 
zased in the order: amyl alcohol (0.10), benzyl 
; ae >ohol (0.11), butanol (0.20), butyl acetate (0.215), 
“4 oform (0.24), 
5) and dichloromethane (0.315). Isobutyl methyl] 


all yin 20m! aqueous volume, was sas 


ae Ses * 


p Sead 


tribenzylamine-chloroform — 


Ragan ketone and ggibon tetrachloride 


ri sah iit te 


(50 mg), tartrate (50 mg); fluoride (50 mg), oxalate (50 
mg), EDTA (50 mg), citrate (50 mg) and 
sulphosalicylic acid (SO mg) decreased it in the same 
order. 


Stoichiometry of the complex, Beer’s law obedience 
and Sandell’s sensitivity 

The ratio of V(III), o-phenanthroline and salicylic 
acid in the extracted species was found to be 1:1:2 by 
Job’s method of continuous variations® as modified 
by Vosburgh and Cooper’. This composition was 
further supported by mole ratio method®. Beer’s law 
was obeyed in the range 0-32 yg V/ml. The molar 
absorptivity was 2006.3694 1 mol~4cm~! , Specific 
absorptivity 0.039386 mol g~! cm™!, and Sandell’ S 
sensitivity 0.0253 ug V/cm?. 


Applications 

The proposed method for the determination of 
vanadium is quite sensitive and free from the 
interference of a large number of metal ions which 
seriously interfere in most of the methods employed 
for its determination. Micro amounts of the metal ion 
can be determined with greater accuracy with wider 


_ Beer’s law range. The results obtained are highly 
__ reproducible with a standard deviation of 0.003. The 
applicability of the method was tested by the, 

satisfactory analysis of a large variety of samples. 
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1. Paper entitled, * ‘Thermodynamic studies of ion-exchange equili- 


: Paper entitled, “Deprotonation and transfer energetics of digly- 
cine and triglycine in aqueous mixtures. of urea and glycerol from 


Paper entitled, “a-Benzildioxime as a reagent for nic 


[Indian J Chem, 29A (1990) 1034-1036). 
On page 1035, headings fr columns 3 and 4n 


mi 


Corrigenda 


bria of some bivalent metal ions with H* on. stannic arsenate ca- 
tion exchanger” [/ndian J Chem, 28A (1989) 1090-92]. 


(i) On page 1091, substitute, 


l 
In K, aad Zu a Zu + | InK.dXy 
0 


l 
instead fink, = Zy ~ Zy+ | InK.dXy Beet 


(ii) On page 1092 (Ref. 14) substitute J Am chem Soc, 65 ( (1943) 
1765, in place of J Am chem Soc, 65 (1943) 1978. 


(ii) On page 1091 (Table 1) the values of AG °, AH and LEyrngae: 
shouldbe in kJ-equiv | , equiv” ‘and Jdeg™! equiv- ‘in placeof 
kJ mol~!, kJ mol~' and J deg™' mol™', respectively. 


emf measurements at different temperatures” [Indian J Chem 
29A (1990) 945-952]. 


(i ) On page 945, the superscript mark ‘ in the fourth line from top E 
in the right hand side column refers to the following footnote: Se 
"H Talukdar, Ph.D. Thesis, Jadavpur University, Calet “utta 


(ii) On page 947, column headings A to T d(AS ‘i : 
should each be shifted by one position to the right ha e 


nation and separation of palladium from other p 


read “Pd added (ug)” and “Pd found (ug)” res 


The Indian subcontinent is home to a 
breath-takingly vast range of Bird species besides 
being host to a large number of migratory birds. 
Between the hot, dry open plains in the west and 
the tropical rainforests of the east, between the 
snowciad alpine peaks of the Himalayas in the 
north and the ocean washed Land’s end in the 
south are to be found bird species which are 
distinctly different from one another. Each 
region has its own species which may or may not 
be found in other regions. Of the World’s 
estimated total of 8600 species of Birds, India has 
at least 1200 species, apart from seasonal visitors. 
Indian bird species range from the largest sized 
Sarus Crane and the Himalayan Bearded Vulture 
to the smallest thumb-sized flower-pecker, from 
the colourful pheasants to the dull coloured 
house sparrows; from the sweet-voiced golden 
oriole and koel to the raucous house crows and 
peacocks, from the rarest Mountain Quail to the 
common myna and sparrow. 


Aptly described as “feathered bipeds’’, the 
importance of birds in literature, art, sport, 
communication, religion as well as an article of 
food cannot be over-emphasized. 
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Such a vast wealth of avifauna has naturally 
given rise to a large number of publications 
dealing with different aspects of India’s Birds 
such as distribution, taxonomy and 
classification.. However, a single compilation 
highlighting all their economically important 
aspects 1s perhaps non-existent. 

The present publication lays emphasis on the 
economic aspects of Indian Birds. The volume 
covers all aspects of the life of Birds and their 
interaction with man. The different chapters deal 
with game, song and plumage birds, birds as pets 
and for game, role of birds in agriculture, 
horticulture, forestry and medicine, bird 
migration, aviation hazards due to _ birds, 
management of birds, their control as also 
conservation. The classification of birds, their 
inter-relationships and their description are 
given in great detail. The different 
indexes—Latin, English and Vernacular 
names—should be of help to users of the 
volume. 

The volume is well illustrated with colour 
plates and priced moderately so as to be within 
the reach of students as well as others. 


EP 157 + xn; Price: Ks 125.00: $ 45.00; £ 30.00 


Senior Sales & Distribution Officer 
Publications & Information Directorate (CSIR) 
Hillside Road, NEW DELHI-110012 (INDIA) 
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The March 1991 issue of the Indian Journal of Fibre & Textile Research is being rough out | 
as a special issue on "RECENT ADVANCES IN MAN- MADE FIBRES". > ao 


Guest edited by Prof.V B Gupta of IIT-Delhi, the special issue will contain invited papers from 
intemationally known experts. Among the authors are Prof. J W S Hearle, Dr.R Huisman, Dr. H M 
Heuvel, Dr T Manabe, Dr.A S Abhiraman, Dr. Satish Kumar, Prof. V B Gupta, Dr. K Vv petye, aye 
A K Sengupta, Prof. Pushpa Bajaj, Prof. N V Bhat, Dr. BN Bandyopadiyt ean AK Muh 
Prof. V K Kothari & Prof. B L Deopura. hat = 


-* | "The topics covered include: Unsolved problems in the science of nylon & ae fibres; — 
‘ 7 Advances in high performance and other man-made fibres; Fibres from polymer blends; ‘rystals: their 
nature & influence on fibre properties; Ceramic fibre precursors; Science & technology of I 
fibres: the Indian R & D scenario; Utilization of polyester waste; Recycling Processes é 
nylon-6 fibre industry; Melt flow behaviour of poly(ethylene terephthalate); Hi h-s 
PET yams; pr tyre yams; and Air-jet ne. SPAS 
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The contenits of this special issue are sat to be of immense use to researchers S, te 
managers and industrialists emguoule serve as a valuable reference. be 
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